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THE NATURE OF SO-CALLED KOEPPE NODULES.' 
By Dr. GEORGE S. DERBY, Boston, Mass. 
(With two illustrations on Text-Plate XX XIII.) 


E. F. K., 43 years of age, was seen on February 2, 1927, 
complaining of failing vision in the right eye for two years 
past. There was no history of trauma and he stated that 
his general health was excellent. In 1910 he had been run 
down and sent away for four months, but returned in good 
condition. The examination of the eyes was as follows: 
Vision right: 3%, not improved. Vision left: with glass #2—. 
Right eye was not injected, but showed many precipitates 
on the posterior surface of the cornea. The iris was some- 
what discolored. The lens was cataractous and only a very 
dull red reflex could be obtained. With the corneal micro- 
scope and slit lamp there were some precipitates on the 
posterior surface of the cornea and many cells in the anterior 
chamber. The iris was studded with many translucent 
(Koeppe) nodules which were on the pupillary margin, in 
the tissue running back to the lesser circle, and beyond. 
The iris margin and tissue showed some atrophy and there 
were a few visible vessels. 

The left eye was normal anteriorly, the lens was clear. 
There were floating vitreous opacities, and above the disc 
and temporally there was an area of choroidal atrophy, 
with a small veil-like membrane extending into the vitreous. 

The patient was sent to Dr. J. B. Hawes, 2d, who found 
by physical examination and X-ray much scarring at the 
top of each lung. While under observation by Dr. Hawes 
the process became slightly active and produced a slight 


*Read before the American Ophthalmological Society, Washington, 
D. C., May, 1928. 
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increase in temperature and rapid pulse. The sputum was 
negative, but Dr. Hawes made a positive diagnosis of pul- 
monary tuberculosis. As some medical man had told the 
patient that his eye condition was due to syphilis he was 
sent to Dr. Austin Cheever, who ruled it out as there were 
no signs of the disease, the blood was negative to numerous 
tests, and the spinal fluid was negative to one. 

On January 3, 1928, as the right lens had become totally 
opaque and the light projection was good I did a combined 
extraction, obtaining a vision in the eye with correcting glass 
of from rT} to #$-. Whenseen last on March 2oth the right 
eye still showed precipitates on the back of the cornea, 
cells in the anterior chamber, nodules in the iris and on the 
pupillary margin, a few vitreous opacities and a normal 
fundus. 

The excised piece of iris, which had shown numerous 
nodules with the corneal microscope, was examined by 
Dr. Verhoeff, who reported as follows: ‘‘The section con- 
sisting of a small piece of iris was . . . sectioned serially. 

On microscopic examination the iris is found to be 
free from tubercles and lymphocytic nodules. Its stroma 
is considerably infiltrated with plasma cells, but it is not 
otherwise notably altered. In relation with the anterior 
surface there are many nodular collections of these cells. 
Some of the nodules lie on the surface, some are situated 
partly within the stroma, and some are at the pupillary 
margin. Many of the cells within the nodules are some- 
what atypical, but can still be recognized as plasma cells 
by the eccentric situations of the nuclei and the clearer 
spaces in front of the nuclei. The largest nodule is .13mm 
in diameter.” 


In 1917 Koeppe described these nodules in connection with 
tubercular iritis, believing them to be a valuable indication 
of the disease. Since that time they have been found also in 
sympathetic disease, in leprosy and in so-called ‘tropical 
syphilis.’’ Whether they occur in other conditions is not as 
yet settled. They are transient in character, appearing and 
disappearing within a short time. Probably they may at 
times lead to the formation of synechiz. In my experience 
these nodules are very common in low-grade uveitis, and it is 
my belief that in most of these cases their presence should 
give rise to the suspicion of a tuberculous etiology. They 
have not been found in the ordinary form of syphilitic iritis 
which we see, or in iritis supposedly due to focal infection. 
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ILLUSTRATING Dr, GEORGE S. DeERBY’s ARTICLE, “THE NATURE 
OF SO-CALLED KOEPPE NODULES.” 


Individual plasma cells of which the 
nodules were composed. 


Section of iris showing collection of plasma cells on the surface and in the stroma. 
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In most cases of serous iritis a search for a definite etiology 
is usually fruitless, but in the case reported here the patient 
had the undoubted signs of a pulmonary tuberculosis of which 
the lesions were largely healed. 

The condition of the left eye is of interest in connection 
with Verhoeff’s paper, also to be presented at this meeting. 
In E. K.’s left eye there was a single healed area of chorio- 
retinitis and vitreous opacities. At some previous time he 
had had an acute localized choroiditis with exudate in the 
vitreous and quite possibly a slight anterior involvement, the 
traces of which had completely disappeared. It is reasonable 
to believe that the choroiditis was due to the same etiology 
as the disease in the right eye, namely, in all probability, 
tuberculosis, and this is consistent with Verhoeff’s views as 
to the causation of these choroidal patches, with which views 
I entirely agree. 

The histological picture of these so-called Koeppe nodules 
is of extreme interest, and especially in this case where they 
were present in such great numbers. The fact that they were 
entirely composed of plasma cells is of no great significance, 
but quite consistent with an early stage of tuberculosis caused 
perhaps by action of a toxin. I have been given to under- 
stand that a microscopic description of these nodules has been 
published by Gilbert, but I have been unable to find his 
article in the literature. 

It seems desirable that, whenever possible, pieces of irides 
which have shown these nodules should be excised for examina- 
tion, and such opportunities should not be very infrequent. 
The advent of the slit lamp and microscope has shown the 
frequency with which cataract, especially the monocular form, 
is due to a low-grade uveitis. This cataract is operable and 
good results, at least for a considerable period of time, are 
usually obtained. 





VISUAL ACUITY AND ILLUMINATION.' 


By SELIG HECHT. 


(FrRoM THE LABORATORY OF BiopHysics, COLUMBIA UNIVERSI7Y, 
New York City.) 


(With six illustrations in the text.) 
I 


E are all familiar with the fact that visual acuity in the 
normal eye varies with the illumination. This has 
been known probably from earliest times. It was first 
investigated in 1754 by the astronomer Tobias Mayer, who 
believed to have found that visual acuity varies as the sixth 
root of the illumination intensity. Since Mayer’s day many 
investigators such as Klein, Posch, and Cohn tried to find the 
exact relation between visual acuity and illumination. The 
best of this early work is by Uhthoff who studied not only 
white but colored lights at various illuminations as well. 

A few years later (1897) Koenig redetermined the influence 
of illumination on visual acuity in such detail that his data 
have become classic. They are reproduced in Fig. 1. All the 
experiments since then have only served to confirm Koenig's 
data. Since it is proposed to use these data as a basis for 
theoretical study of the relationship between illumination and 
visual acuity, it may be well to give the recent data of Roelofs 





t Abstract of lecture given to the Section of Ophthalmology of the 
New York Academy of Medicine on April 16, 1928. The complete data 
and a detailed treatment of the subject here considered will be found in 
a paper in the Journal of General Physiology, 1928, xi, 255, which contains 
as well all the references to the literature. 
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and Zeeman also. These are presented in Fig. 2 from which 
it is apparent that they are an excellent corroboration of 
Koenig’s work. 


Ysual Acuity 


40g L — mullilamberts 


Fic. 1. Relation between visual acuity and illumination. Data of 
Koenig (1897). 
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Fic. 2. Relation between visual acuity and illumination. Data of 
Roelofs and Zeeman (1919). 


In spite of the familiarity of this information and the 
accuracy of the data there exists no explanation for this 
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dependence of visual acuity on illumination. It is with an 
effort to explain this relationship that the present paper is 
concerned. 


II 


The fineness of detail which a surface, such as for example 
the photographic plate can register, depends on the number of 
receiving elements present in a unit area of the surface. In 
other words its resolving power varies inversely with the 
average distance between the sensitive elements. The retina 
is a surface of this kind since it is composed of discrete rods 
and cones which function as units or groups of units. The 
way in which visual acuity varies with illumination indicates 
the way in which the resolving power of the retina varies. 
A low visual acuity means that the average distance between 
the retinal elements is large, whereas a high visual acuity 
means that the distance is small. To account in such terms 
for the large variation of visual acuity with illumination, one 
must suppose that the number of sensory elements per unit 
area of retina can and does vary nearly a hundred fold. But 
this is nonsense from the anatomical point of view, -because 
the number of rods and cones is fixed structurally. To get 
around this it is therefore necessary to assume that the number 
of these elements is variable functionally. 

Let us suppose that the individual rods and the individual 
cones do not all possess the same sensitivity to light. Some 
will be stimulated by low illumination, others only by higher 
illumination. Then at low illumination the resolving power 
of the retina, and therefore visual acuity, would be low because 
there are fewer sensory elements working per unit area. 
Moreover as the illumination increases and more and more 
retinal elements reach their threshold of stimulation, visual 
acuity would continue to increase until finally all the elements 
are functional and no further increase in visual acuity is 
possible. This of course is precisely the way in which the 
phenomenon takes place. 


lil 


It is possible to make this hypothesis strictly quantitative 
so that it may be compared directly with the accurate numer- 
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ical data of Koenig and of Roelofs and Zeeman as given in 
Figs. 1 and 2. Before this can be done, however, it is neces- 
sary to consider one variable which was not controlled in these 
measurements, namely, the size of the pupil. This varies 
with the illumination, and if ignored, gives an erroneous idea 
of the actual illuminations on the retina which result from the 
measured outside illuminations. 

A correction for this variable is possible in terms of the 
measurements of Reeves. Fig. 3 is computed from Reeves’ 
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Fic. 3. Relation between pupil area and illumination, as calculated 
from the data of Reeves (1918). 


data and gives the relation between pupil area and illumina- 
tion. The outside illuminations multiplied by the pupil area 
in square millimeters gives the resulting illuminations in terms 
of photons, or units of retinal illumination introduced by 
Troland. It is these corrected data which we shall now pro- 
ceed to analyze quantitatively. 


IV 


There are several million rods and cones in the retina. 
These may be considered as composing two populations: 
one, the rod population, sensitive to low illuminations and 
occuring outside of the fovea; and the other, the cone popula- 
tion sensitive to higher illuminations, receptors for color, and 
situated all over the retina but very densely in the fovea. 
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If these two populations are like all other biological popula- 
tions with which we are familiar from the work of statisticians, 
then their variation in sensitivity to light should show the 
usual bell-shaped distribution curve. 

Fig. 4 shows the kind of frequency distribution curves for 
the thresholds of the individual rods and cones which have to 
be assumed in order to describe quantitatively the corrected 
data of Figs. 1 and 2. It is apparent that these curves are 
similar to the usual frequency curves of the biometricians. 

The curves in Fig. 4 give the frequency distribution of the 
thresholds. What we wish to know, however, is the fotal 
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Fic. 4. Distribution of thresholds of rods and cones. The two curves 
are identical in form but different in position and in size of ordinates. 


number of rods or cones which are functional in a unit area 
in any given illumination. This can be done by integrating 
the curves in Fig. 4. In non-mathematical language this 
means finding at any intensity the area under the curve to 
the left of that intensity. When this is done, the two curves 
of Fig. 5 are secured. These give the total number of rods 
or cones which are functioning per unit area at any given 
intensity. It is apparent that these two curves resemble the 
visual acuity data in Fig. 1 and Fig. 2. 

Beginning with the lowest illuminations vision is a function 
of the rods. The number of rods which are active is very 
small; this amounts to having a resolving surface with the 
receiving elements sparsely distributed. The retinal distance 
between two just discriminable contours must be large, and 
visual acuity is very low. As the illumination increases, more 
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and more rods reach their threshold and become functional, 
with a resulting increase in visual acuity. Presently an 
illumination is reached when the first cones begin to function. 
Visual acuity will still be mediated by the rods because there 
are still more active rods present than cones. But as is 
apparent from Fig. 5 the rate at which the cones come into 
play with increased illumination is nearly ten times as great 
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Fic. 5. Relative number of rods and cones which are functional at 
any illumination. The curves may be described by the common Gram 
series of the statisticians. 


as the rate of the rods. Therefore at a certain point the 
number of cones functioning in the fovea will be equal to the 
number of rods in the periphery. As the intensity increases 
beyond this, the number of active foveal cones per unit area 
will be greater than the number of active peripheral rods in a 
unit area, and visual acuity will now be determined by the 
cones. This augmentation of the number of functional cones 
and the resulting rise in visual acuity will continue until all 
the cones are active and no further change in visual acuity is 
possible. 

The curves in Fig. 5 are corrected for pupil area. To show 
how accurately they describe the originial data-of Koenig and 
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of Roelofs and Zeeman the lines in Fig. 1 and Fig. 2 are drawn. 
These lines are derived from the curves in Fig. 5, and are 
transferred back to the original uncorrected data by means of 
the pupil area curves given in Fig. 3. It seems clear that the 
theory here proposed, as expressed in the curves drawn through 
the experimental points in Figs. 1 and 2, is an adequate 
quantitative description of the relation between visual acuity 
and illumination. 


Vv 
There are several implications from these data, and I 
propose to consider a few of them. The data heretofore 
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Fic. 6. Visual acuity of two completely color-blind individuals. Com- 
pare this figure with Figs. 1 and 2, but note that the ordinates here are 
twice as large as those in Figs. 1 and 2. 


given are for the normal eye, and the proposed explanation 
obviously rests on von Kries’ theory of the functional separat- 
ness of rods and cones. Koenig recognized this when he 
attributed the lower limb of the data to the rods and the 
remainder to the cones. He also recognized the implications 
involved namely, that in a completely color-blind eye the 
cone portion of the curve should disappear and leave only the 
lower rod limb plus any extensions of it. Fig. 6 gives the 
data for two such individuals, one measured by Uhthoff and 
the other by Koenig. These bear out the supposition that 
the twolimbs of the normal curve follow von Kries’ duplicity 
theory. 

These data are equally significant for our explanation. 
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Fig. 5 shows that for the normal eye the cones overtake the 
rods at the middle of the rod range. It therefore follows that 
in a completely color-blind eye the visual acuity data should 
extend to a distance beyond the rod-cone intersection point 
equal to that which has preceded it. Moreover, the entire 
visual acuity data of such a case should be described by only 
the rod curve of Fig. 5. The lines drawn in Fig. 6 are this 
rod curve taken from the theoretical curve of Fig. 5 and cor- 
rected for pupil area as already explained. 

It is apparent that both suppositions are correct. The data 
of the completely color-blind extend over twice the range of 
the rod vision of the normal. There is no rod-cone inflection 
point, and the entire data are describable in terms of the rod 
distribution curve alone. 

It must be apparent that in the complementary case of a 
night blind person the rod portion of the curve should be lack- 
ing and the entire visual acuity curve should be describable 
by the cone curve alone. Such a case has not been studied 
in this ~oy, but it is confidently expected that this will be the 
result. 


vI 


In Fig. 5 the number of elements functional per unit retinal 
area was arbitrarily chosen to read directly in visual acuity 
units. The real number of elements will depend on the size 
of the unit area which is selected. Is there really such a thing 
as a unit retinal area? Is there a minimal retinal area which 
can carry out all the functions of the retina as a whole? Such 
a unit area should be able to see the entire range of colors, to 
cover the whole field of intensity discrimination, and to 
perform the total visual acuity function. If the retina is 
indeed composed functionally of such minimal areas, then the 
size of this area, as found from the data of the three visual 
functions enumerated, should be comparable. 

Working with brightness discrimination, Koenig found that 
the whole range of intensities visible to the eye is made in only 
572 discrete steps in intensity recognition. About 30 of these 
steps are mediated by the rods; the rest, 542, by the cones. 
This is fact. In terms of our notion of the sensibility distri- 
bution of rods and cones, the recognition of an intensity 
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difference corresponds to a change from n to n plus I or ton 
minus 1, elements functioning in a unit area. Therefore the 
minimal retinal area must contain 542 cones, or some multiple 
of it. 

In the same way a minimal retinal area should be able to 
mediate the whole range of visual acuity. The lowest visual 
acuity represents the widest retinal distance by which the 
images of two contours must be to be recognized at the lowest 
illumination visible. Within this largest retinal distance all 
other visual acuities are contained. It must therefore repre- 
sent the side of a square whose area is the minimal retinal 
area. The lowest visual acuity in Fig. 1 is 0.03 unit. This 
is a visual angle of slightly over 44 minutes and is a distance 
of 0.2mm on the retina. The minimal area would then be 
0.04 square mm. There are 13,500 cones per square mm of 
fovea, from which it appears that the minimal retinal are 
of 0.04 square mm contains 540 cones. 

Finally there is the matter of color perception. If it is 
assumed with Thomas Young that there are three kinds of 
cones, red-sensitive, green-sensitive, and blue-sensitive, then 
the color of a light depends on the number of these three kinds 
of cones which is brought into play. We found the minimal 
retinal area to contain 540 cones. Granting three kinds of 
cones in approximately equal numbers, we get about 180 
cones of each type per unit area. If, now, a spectral hue 
discrimination involves, on the average, a change in one of 
each species of cone, then the number of monochromatic 
patches obtainable with a spectrum should be about 180. It 
is significant that Koenig obtained 160 such patches; Jones 
and Nutting between 130 and 180; Laurens and Hamilton 161 
and 207 respectively. 


SUMMARY. 


1. Visual acuity varies in a definite manner with illumina- 
tion, being low at low illuminations and high at high illumina- 
tions. 

2. These variations in visual acuity measure the variations 
in the resolving power of the retina. The resolving power of 
a surface like the retina depends on the number of elements 
per unit area. Changes in visual acuity then presuppose that 
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the number of elements in the retina is variable. This cannot 
be true structurally; it is therefore assumed functionally. 

3. It is assumed that the thresholds of the rods and the 
cones are distributed in relation to illumination in a statistical 
manner similar to other populations. A quantitative treat- 
ment of such a supposition is shown to describe the data of 
acuity accurately. 

4. The visual acuity of completely color-blind eyes are 
shown to follow the deductions from this explanation. 

5. Further analysis shows that color, form, and brightness 
vision may all be considered as properties of minimal retinal 
areas containing about 540 cones. 





A TYPICAL FORM OF FAMILIAL DEGENERATION 
OF CORNEA (FLEISCHER).* 


By Dr. C. H. CHOU. 


(DEPARTMENT OF OPHTHALMOLOGY, PEKING UNION MEDICAL COLLEGE, 
PEKING, CHINA.) 


(With four illustrations on Text-Plate X XXIV.) 


N 1905, Fleischer first described a very rare form of familial 
degeneration of the cornea. He found the disease in 
three members of one family, and described it as a process 
consisting of many small ring-shaped opacities together with 
many punctiform and nodular or flake-like opacities, occupy- 
ing almost completely the central parts of both corneas. 
These opacities, differing from all other forms of familial 
degeneration, were deeply situated in the corneal stroma, 
extending nearly to Descemet’s membrane. The corneal 
surface was even, and the corneal substance in between these 
nodules was clear. The condition had begun in early youth, 
and remained unchanged for quite a number of years. 

In reviewing ophthalmic literature up to 1905, he was able 
to find two instances which might have some similarities to 
his cases. From 1905 up to the present year, I have found 
only two more families in all ophthalmic literature which 
were afflicted with this same disease. Before reporting our 
case, I will give an abstract of all the cases which have 
appeared in the literature. 


ABSTRACT. 

I. Groenouw (2), in 1890, reported the case of a patient, 
Gottfried, T., aged 49, suffering from catarrh for eight days. 
Vision R. = gy, L. = gy. The right eye was pale; left eye 

t Read before the 7th Biennial Conference of the National Medical 
Association of China, held in Peking, January 31, 1928. 

574 , 








Arch. of Ophthal., Vol. LVII., No. 6. 
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ILLUSTRATING Dr. C. H. Cuou’s ArTICLE, ‘‘A TypPICAL ForM OF FAMILIAL 
DEGENERATION OF CORNEA (FLEISCHER). 


Fic. 3. 
Oc. 3, Obj. Az. 


The opacities are highly magnified as 
they were seen under corneal microscope. 
The opacities are discrete, and they are 
more or less indented with fine processes. 
The centers of the opacities are clear in 
some ring-shaped ones. 


Fic, 2.—L. E. 


Showing the general distribution of 
the rings and nodules of both corneas 
as seen under a loupe. They are situ- 
ated in the pupillary areas. 20 of such 
opacities are found in the right eye 
and Ig in the left. 


Fic. 4. 
Oc. 3, Obj. A2. 


A narrow optic section of the cor- 
nea, showing the localization of the 
opacities mostly underneath Bow- 
man’s membrane. A nerve filament 
is seen to pass thru the section. 
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showed marked catarrhal inflammation. In the central part 
of each cornea were many grayish round, and irregular 
opacities, with indentation and processes, described by 
Groenouw as “particles from dry bread.’”’ Some were 
discrete and some were arranged in groups or streaks. Be- 
tween these opacities were fine punctated opacities. The 
periphery of the corneas was clear. The epithelium covering 
the opacities was slightly elevated. On examination of a 
removed piece, a hyaloid substance was found under Bowman’s 
membrane, and the fine punctated opacities were considered 
by him simply as enlarged corpuscles. 

II. Koerber (3), in 1902, reported the case of a patient, 
W. F., chemist, aged 28, who had had eye trouble since the 
age of 10. Vision R. E. = 4% with —1.00 sph. = 4% — %, 
L. E. = % with —1.50 sph. = %, Jaeger No. I at 17cm. 
The conjunctive were injected. The surface of cornea was 
slightly dull, and the epithelium slightly stippled. Sensibility 
was normal. In the central parts of the corneas there were 
rows of grayish, round, or oval, and indentated opacities, 
about 44 to 44mm in diameter. Between them were seen 
numerous diffuse punctated opacities. The cornea looked clear 
where these opacities were absent. The edges of the larger 
opacities were more whitish than the centers, which in many 
places were clear. 

III. Fleischer (1), in 1905, reported three cases (Cases 
XXXII-XXXIV). 


(a) The first patient was a boy, G. B., 23 years of age. 
Vision R. E. = with —5.00 sph. —2.00 cyl. X 90 axis 
= § —§, L. E. = with —4.00 sph. —0.75 cyl. X 90 
axis = § —. 

In the deeper layers of the central parts of the corneas were 
found many small, round, and irregularly outlined flakes; some 
of them appeared as littie rings because the centers were quite 
clear. The corneal substances between the opacities were 
clear. The epithelial surface wassmooth. Eye, not inflamed. 
Fundi, normal. 


(b) H.B., brother of G. B., aged 19. 
Vision R. E. = with —2.50 sph. = §, L. E. = with 
—4.20 sph. = § — 3. 
The corneal picture was similar to that of his brother. 
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(c) The mother of G. B. and H. B. was examined when she 
was forty-four. 
Vision R. and L. = ¥% with + 0.50 sph. = yy — +; 
+3.00 sph. read Jaeger 1. 


In the central part of each cornea were found many little 
ring opacities, some of which were not complete. 
IV. Hancock (4) reported two cases in 1905. 


(a) Mrs. G., aged 45. Her sight was poor, and slowly 
became worse. 

Vision R. = x, with +3.00 sph. = 1%; with +4.00 

sph. Jg. 4 badly. 

L = x, with +3.00 sph. = 4%; with +4.00 

sph. Jg. 4 badly. 


In the central part of each cornea, was a creamy white 
opacity, roughly circular in shape, leaving the periphery of 
the cornea perfectly clear. The opacity was made up of 
closely-set, rounded, opaque areas. In the lower part, these 
areas had a distinct tendency to form rings with clear cornea 
within the little circles. The epithelium was partly raised. 
No anesthesia. Tension normal. 


(b) H.G., aged 11, the son of the first patient. 
Vision R. E. = with +6.00 sph. = 4; and Jaeger 1 for 
near. 
L. E. = with +6.00 sph. with +1.00 cyl. X 90 
axis = § and Jg. 1 for near. 


Corneal condition similar to that of his mother, but much 
less, and more discrete, with a greater tendency to ring forma- 
tion. The corneal surface was smooth. No anesthesia. 

V. Hine (5), in 1923, reported the cases of a mother and her 
son and daughter. 


(a) Mrs. B., aged 36. Her eyes had troubled her since 
infancy. 

Vision R. = 34, with +1.00 sph.+0.50 cyl. X 90 = 4. 

L. = 3%; with +1.00 sph.+0.50 cyl. X 90 = 44. 


The central part of the corneas was studded with numerous 
close-set, grayish-white opacities, some denser than others; 





Typical Form of Familial Degeneration of Cornea. 577 


some in the form of small rings, and others nodular in shape. 
Periphery of the cornea was clear. No general haziness. 


(b) G.B., boy, aged 14. 
Vision R. = § with +2.50 sph. = & 
L. = 4 with +2.50sph. +0.75 cyl. X 90 = § 


Corneal picture similar to that of his mother, but there were 
more rings, and fewer nodules. The apparently clear cornea 
between the opacities showed some almost invisible greyish 
specks under the epithelium, which the author considered to 
be due to an impregnation of a fine translucent granular 
deposit which may be a crystalline substance having a 
refractive index differing from that of the cornea. The bigger 
opacities might be a condensation of these deposits. 


(c) Lily G., aged ro. 
Vision R. = 7% with +2.50 sph. +0.50 cyl. X 90 = § 
L 


The opacities of the right cornea were composed of fine 
lines, which did not form a meshwork. The left cornea 
showed a picture of the combination of two linear opacities 
with several small rings. In all these cases, the anterior 
surface of the opacities lying in a plane with Bowman’s 
membrane. 

The report of the case which we have seen recently will be 
made in full including slit-lamp examination. 


Hosp. No. 18991, Miss C. F. S., age 27, a school teacher, 
came to the Peking Union Medical College Hospital in 
December, 1926, complaining of eyestrain after prolonged 
use. Vision was 7% plus 1 for the right eye, and 4% plus 2 
for the left. Conjunctiva slightly congested. No notes 
about the cornea. Pupils normal. Fundi normal. Re- 
fraction was advised, but the patient did not return to the 
clinic until Septemer 22 of 1927, when she complained of 
blurring vision. Fundi remained unchanged. 

In the central part of each cornea were numerous small 
greyish, roundish, flakelike opacities, most of which were 
more or less irregular in outline with fine indented processes. 
There were twenty such nodules in the right eye and nine- 
teen in the left. Most of these flakes had clear centers, and 
thus appeared in the form of rings (Figs. 1 and 2). The 
corneal surface was smooth, and lustrous. 
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Slit-lamp Examination: 

R. E. The big nodules appeared as rather irregular out- 
lined opacities, as if they were formed of numerous fine 
particles, arranged in a ring-shaped fashion. The periphery 
was more saturated, so appeared to be more opaque than the 
central area (Fig. 3). Between these ring-shaped nodules 
were also seen numerous fine, not saturated particles. They 
were more distinct in the indirect image as fine dew drop- 
like, glassy opacities than by the direct illumination. In 
the central part of the cornea, the nerves appeared varying 
in whiteness, and were visible even to the smallest end 
branches. They were not often obscured by the denser 
greyish parts of the cornea. They seemed to have no 
connection with these opacities, though occasionally some 
of such nodules were found along the nerve filaments. 
Around some of these nodules where no visible opacities 
were seen, the stroma was filled with many opaque, un- 
sharply defined microscopical fine particles, among which 
the nerves were more easily visible than in the normal 
cornea. The anterior half of the cornea showed marble 
condition. The deeper layers of the corneal lamellz were 
normal. 

The endothelial layer was normal in the periphery. In 
the central region of the cornea, the posterior endothelial 
mosaic became enlarged, roughened, and showed glistening 
reflexes (the beginning of the degeneration of endothelium). 

All the opacities were lying behind the epithelium, some of 
them in Bowman’s membrane, but most of them in the 
superficial lamellz of the corneal stroma, about its anterior 
“6 of the cornea (Fig. 4), and apparently situated in different 
planes. 

Some floating opacities were found in the anterior chamber, 
and some fine whitish corpuscular elements were seen on the 
anterior lens capsule, besides the congenital brown star cells 
visible on the temporal upper quadrant. Iris normal. 

L. E. The condition of the left eye was similar to that of 
the right. A transparent glassy line was found between and 
a little behind two of the bigger nodules. Some of the 
nerves also appeared as glassy, long straight filaments in the 
indirect illumination. Some dew drop opacities were 
present in the posterior surface of the cornea. 

Tension—On September 24, 1927. 


R. E. 10 
L. E. 8 (Sch.) 


On March 23, 1928. 
R. E. and L. E. = 16 (Sch.) 
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The corneal sensibility was somewhat reduced. 

In the family history, there is no consanguinity. Parents 
are living and well. Their vision are said to have become 
poor recently (probably presbyopia), but there are no similar 
corneal opacities noticed. One brother with perfect vision 
is living and well. There is no evidence of similar trouble 
among her near relatives. 

General physical examination revealed a rather obese 
female adult. A soft systolic functional murmur was heard 
at the apex. Slight tenderness over right hypochondrial 
region. No evidence of local degeneration in any other part 
of the body. Urine, feces, and blood examinations were all 
normal. A basal metabolic test was made and found to be 
within the normal limit. Wassermann and Mantoux tests 
were all negative. 

About three months later on further examination, there 
seemed to have been some increase in the fine dust-like 
opacities, while the central large ones remained unchanged. 

During the past months, the patient has been using yellow 
oxide of mercury, massage and dionin. Radium at 15mgm 
hours was given at fortnightly intervals to alternate eyes. 


COMMENT. 


The above reported cases in the literature together with 
the present case constitute a distinct form of the group of 
the disease known as ‘‘familial degeneration of the cornea.” 
The familial degeneration of the cornea, as has been described 
in the literature, may occur in various forms and shapes. 
The picture may be, therefore, predominated by the formation 
of a meshwork, nodules, fine punctated opacities, small flake- 
like, disc-like or sausage-shaped opacities. The ring-shaped 
form which may be just another form of the same disease, has 
many points which are commonly characteristic of all other 
forms. This will be further supported by Hine’s case V (c), 
where in the right eye he found numerous lines, while in the 
left eye he found a combination of two lines and many small 
rings. 

The salient characters of this disease, according to Fleischer, 
are the ring-shaped opacities, the evenness of the surface, the 
clear corneal substance in between the opacities. All these 
points are present in our case. According to Fleischer, the 
opacities were all deeply situated, but the slit-lamp examina- 
tion reveals them to us apparently only in the anterior 4 of 
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the corneal stroma, just beneath Bowman’s membrane, as 
also in Hine’s cases. The exact localization of the opacities 
is quite impossible without the help of the slit-lamp. In 
Fleischer’s cases, the opacities, which he found were situated 
in the deeper layers of the corneal stroma, would most 
probably have been seen in the superficial lamelle had the 
cases been examined with slit-lamp. 

The progress in this form of the disease seems to be partic- 
ularly slow, and the prognosis as recorded in the literature for 
useful sight is very much better than any other form. In 
Fleischer’s patient, aged 47, the vision with full correction was 
yo and ;;. Hancock’s patient had vision of + at age of 
45, and Hine’s patient, aged 36, had vision of + and x4. In 
Groenouw’s case the vision was reduced to 4% and 4% at the 
age of 49. In most other forms of the disease, so far as re- 
corded, the vision would have been reduced to finger count 
when the patient reached middle age. On the other hand the 
present case has not been observed long enough to say 
definitely what the state of progress will be in more advanced 
years. 

With regard to the real nature of the disease, the etiology, 
as in any other forms of the degeneration, is still very dark, all 
the theories being on a presumptuous basis, and the present 
case will probably not throw any light on the subject. 
Pillat (6) who found in his case of mixed nodular and reticular 
degeneration, the enlargement of the nerve endings and great 
unequal thickening of the nerve filaments, has the opinion 
that the corneal degeneration is primarily a nerve disease, 
and that around the diseased nerves there is a trophic neurotic 
degeneration of the corneal lamelle. Pascheff (7), who also 
found the glassy lines by indirect illumination, has the opinion 
that the corneal corpuscles first became opacified and later 
follows the degeneration of the corneal nerves. On the other 
hand, A. Fuchs (8) is of the opinion that the corneal nerves are 
not diseased. That the unequal thickening might be due to 
the presence of glial tissue in unequal amount in various places 
along the same nerve, and that the slight reduction in the 
sensibility does not indicate affection of the nerves. It is not 
uncommon to find slight reduction in sensibility in any other 
chronic inflammatory conditions of the eye. He has observed 
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furthermore a corneal ulcer with hypopyon developing in a 
case of familial degeneration of the cornea, and both the 
ulcer and hypopyon disappeared in a short time after being 
treated. He has the opinion that the disease is primarily a 
degeneration of the corneal lamelle. 

It has been a known fact that all the cases developed first 
in the central part of the cornea, and that a zone of periphery 
clear cornea is always present even in well advanced cases. 
The central part of the cornea, where the nutrition is the 
poorest, suffers first whenever there is any disturbance in 
nutrition. Any low grade local metabolic disturbance of 
some obscure etiology may set up such a change, as the 
degeneration of the connective tissue concerned, with the 
deposition of such substance as hyalin. This local metabolic 
change may perhaps be due either to a degenerative change in 
the peripheral nerve endings or perhaps some endocrine 
disturbance. 

Macrae (9) reported some cases of nodular keratitis in 
Arabia, a few of which had also ring-shaped forms, from which 
he made the presumption that in his series of cases, it might 
be the result of the impregnation of salt particles. His cases 
may not belong to the same disease, as he found they were 
usually associated with leucoma and ulceration, some of them 
being also unilateral. 

Heredity certainly plays an important réle. All the cases 
except Groenouw’s and Koerber’s occurred in more than one 
member of a family. Although we were not able to examine 
any other members of our patient’s family, nevertheless we 
still have to consider the present case as a familial condition, 
as it has all the clinical salient characteristics of the disease. 
If our patient is the only one in her family afflicted thus far, 
she may be the first, and later we may find the similar condi- 
tion in her descendants. 
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TUBERCULIN THERAPY IN OCULAR TUBERCULOSIS. 
By OSCAR BERGHAUSEN, B.A., M.D., Cincinnati, OHIO. 


OR many years it has been known that tuberculosis of 
the eye responds favorably to subcutaneous injections of 
tuberculin. In recent years the diagnosis of ocular tubercu- 
losis has been made much more frequently, chiefly because the 
oculists have been on the lookout for such infection in chronic 
cases, and because of the introduction of the slit-lamp and 
the wider use of specific serologic reactions. The internist 
is being called on much more frequently to assist in estab- 
lishing a positive diagnosis in chronic inflammations of the 
eye. This entails not only a careful physical examination, 
the frequent use of the X-ray for diagnostic purposes, but 
also the use of the numerous examinations of the blood and 
immunologic reactions. 

Tubercular reactions similate syphilitic reactions, and this 
fact is readily demonstrated in the eye where the lesions 
can be examined directly. Through the researches chiefly of 
Ghon, Lubarsch and Ranke, we know that the primary seat 
of infection is the respiratory tract, although in children the 
entrance point may be the intestinal tract in from fifteen to 
twenty per cent. of cases. The primary changes may be 
microscopic only and are characterized by the stimulation 
of the fixed connective tissue leading to the production of 
epitheloid cells through the action of the tubercle bacillus and 
its toxines. The blood vessels become involved leading to 
degenerative changes in the tubercle which has been formed, 
frequently with the production of giant cells. The process 
may stop at this point or the surrounding tissue becomes 
involved resulting in infiltration with lymphocytes, oedema 
and hyperemia, which may be looked upon as a perifocal 
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reaction with a tendency to the isolation of the tubercle. 
Immunologically speaking, this primary stage may be con- 
sidered as the stage of sensitization to the tubercle toxin and 
is characterized by proliferative and marked connective 
tissue changes. 

Through trauma or disturbed circulation, the secondary 
stage may arise which is the period of generalization, marked 
by local and general reactions involving distant organs by 
metastasis through the blood or lymph stream, which may 
be likened to chronic bacteriemia causing a state of hyper- 
sensitiveness or anaphylaxis. The symptoms may be violent 
or mild depending upon the resistance of the individual and 
immunologic response which has been aroused. In the ter- 
tiary stage the inflammatory process is less marked, is more 
abortive in nature, and the stage of immunity has been 
reached. In the eye, the lid or conjunctiva may be the seat 
of a primary infection from without, although this is very 
rare. The infection gains entrance to the eye through the 
circulation and is most frequently a metastatic process. 
Schick first recognized the primary stage in the small nodule 
occurring in the iris with a slight area of resorption; the secon- 
dary stage in the diffuse iritis and irido-cyclitis with acute 
toxic symptoms; the tertiary stage with the torpid iritis and 
later formation of glass-like nodules and precipitates. In 
tuberculosis of the eye we may have an acute process with 
symptoms of hypersensitiveness and a tendency to destruction; 
such a patient should be treated by rest and general measures, 
rather than through the use of specific medication. Again 
we may have a proliferative type without acute manifestations 
and with a tendency to connective tissue formation; patients 
in this stage are frequently benefited by specific medication. 
The tubercular infection need not necessarily follow all three 
stages and the second stage in particular need not necessarily 
be severe and may be without marked symptoms of hyper- 
sensitiveness. 

General Symptoms: As a rule these are not marked in 
ocular tuberculosis as we meet with it in general practice. 
It is because of this that the diagnosis is usually not made. 
Although commonly a metastatic process, the primary lesion 
is hidden somewhere in the body, usually in the bronchial or 








Tuberculin Therapy in Ocular Tuberculosis. 585 


peribronchial lymph glands. Physical and X-ray examination 
may detect a latent process but the clinician hesitates in 
pronouncing this focus as the cause of a given ocular infection. 
Finnoff (1) has removed several eyes in which a typical tuber- 
cular process could be demonstrated, the patients showing 
no clinical or Roentgen-ray evidence of the disease elsewhere. 
Anemia, loss of weight, slight evening elevation of temperature 
and asthenia may be present, symptoms which are so com- 
monly met with in daily practice. Therefore a thorough 
physical examination is imperative and the findings should 
be considered especially from the standpoint as to whether 
they may possibly be causing a given ocular infection. 

Rollet and Colrat (2) state that tuberculosis of the uveal 
tract is always of secondary origin and hold that the primary 
focus of infection is situated in the peribronchial lymph 
nodes. In eighty per cent. of one hundred cases they were 
able to demonstrate Roentgen-ray findings in the chest, 
these changes consisting of definite shadows at the base of a 
lobe, usually the lower, surrounded by healthy parenchyma, 
with peribronchial strie connecting the shadow with the 
hilus gland shadow. They object to the use of tuberculin 
because of the tendency to fever reactions and the difficulty 
of correct dosage. They prefer employing the X-ray as a 
therapeutic measure and, with certain precautions, radio 
therapy. 

Specific Reactions: Although these may be elicited in any 
patient who has previously been infected with the tubercle 
bacillus, the detection of such a reaction may be of great 
value in establishing a diagnosis of ocular tuberculosis. The 
negative result is frequently of particular value because 
patients suffering from ocular tuberculosis are prone to develop 
a focal reaction, particularly when the subcutaneous method of 
injection has been employed. The Wassermann reaction for 
lues should always be made, because of the similarity of 
tubercular and syphilitic processes. A distinctly positive 
Wassermann reaction should lead to the employment of anti- 
syphilitic measures, even in the presence of specific tuberculin 
reactions. The simple cutaneous or Von Pirquet test is of 
value chiefly when negative; the positive result should lead 
to the use of the intradermic or subcutaneous method. 
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Mantoux (3) introduced the intracutaneous test, injecting 
0.1 to 0.05¢c of a 1:5,000 solution of O. T. In the majority 
of the cases here listed the stick reaction was employed; a 
drop of the old tuberculin was placed upon the sterilized 
arm, and a sterilized darning needle was used to introduce 
the tuberculin intracutaneously. The degree of reaction was 
noted at the end of 24 and 48 hours. In cases numbered 1, 
II, 13, 15, and 16, the tuberculin was introduced intracutane- 
ously with a fine needle attached to a tuberculin glass syringe. 
Five dilutions, I to 1,000,000, I to 100,000, I to 10,000, 
I to 1,000, and 1 to 100 were employed. Normal individuals 
may react to 0.05cc of a I to 1,000 dilution, therefore, reactions 
occurring with higher dilutions indicate the presence of clin- 
ically active tuberculosis. By using o.1cc of each dilution 
a total of o.oo1r1i1icc of old tuberculin will be introduced, 
an amount sufficient to produce a mild focal and general 
reaction. When such reactions are to be avoided, it is more 
advisable to use the Mantoux technique. To avoid severe 
focal and general reactions it was not deemed advisable to 
use the subcutaneous method as a routine. Pain is usually 
absent in ocular tuberculosis, but when present is frequently 
relieved by slight focal reactions. The temperature should 
be taken throughout the day and any elevation noted. The 
so-called ‘‘tubercumet reaction’’ which is dependent upon the 
presence of precipitins in the patient’s blood detected by 
allowing a preparation of the tubercle bacillus as antigen to 
come into contact with an equal amount of patient’s clear 
serum, was not found to be of any great value in establishing 
a positive diagnosis because it is frequently positive when 
no other findings would warrant the diagnosis of clinically 
active tuberculosis. 


ABSTRACTS OF CASE HISTORIES. 


Case I.—Mrs. L. L., aged 31. Clinical diagnosis: acute 
uveitis, beginning in right eye with injection, floating 
opacities, no pain, no headache. Later, optic neuritis with 
hyalitis developed. Because of a positive intradermic 
tuberculin reaction using a dilution as high as 1-100,000 
O. T., specific therapy was begun, using 5}y5 mgm T. R. 
Only a few injections were given with no benefit. Glau- 
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coma developed for which a punch operation was performed 
to relieve pressure. Seven more injections were given but 
with no benefit ; subsequently it became necessary to remove 
the right eye. Three years later, she complained of vague 
symptoms in the left eye with floating opacities. Tuber- 
culin injections were given by another physician but with 
no benefit. Result: tuberculin injections were of no 
benefit. 


Case II—Miss J. S., aged 40. Clinical diagnosis: 
tuberculous scleritis. Family history of tuberculosis. 
Patient likewise treated for tubercular hip as a child. 
History of similar eye involvement in the past. Present 
attack associated with headache and some pain in the eye. 
Marked local, some focal and general reaction following the 
intradermic test using the stick reaction and concentrated 
old tuberculin. Tuberculin therapy using T. R. and B. E. 
has been given at intervals over a period of nearly four 
years, as much as yymgm being used at one time. Result: 
marked improvement, relief of all pains, improved vision, 
is able to work as a dressmaker. 


Case III.—Miss N. H., aged 35. Clinical diagnosis: 
tuberculous irido-cyclitis, involving chiefly left eye, asso- 
ciated with pain and headache. Family history of tuber- 
culosis and patient gives a history of previous pulmonary 
tuberculosis. Local and general reactions following the 
intradermic test using the stick reaction and concentrated 
old tuberculin. Result: marked clinical improvement with 
relief of pains following tuberculin therapy, using subcuta- 
neous injections of T. R., beginning with 1 to 1,000 and 
ending with ;8,mgm over a period of seven months. 


Case IV.—Miss J. S., aged 45. Clinical diagnosis: chorio- 
retinitis centralis, bilateral. No family history of tuber- 
culosis. Patient has had pulmonary tuberculosis in the 
past. Local reactions to the intradermic tuberculin test 
using the stick reaction and concentrated old tuberculin. 
It was thought unwise to use the subcutaneous method. 
Injections of tuberculin given elsewhere resulted in some 
clinical improvement. Result: eye condition improved. 


Case V.—Mr. J. R., aged 28. Clinical diagnosis of 
tuberculous iritis was made with the means of the slit-lamp. 
No family or personal history of tuberculosis. Intradermic 
tuberculin test using the stick reaction and concentrated 
old tuberculin was positive; subcutaneous method not used. 
Subcutaneous injections of T. R., sixteen in all, the last one 
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employing yymgm were given. At no time was there 
any elevation in temperature and no general symptoms; 
local reactions always marked. Result: no improvement 
which could be attributed to the use of tuberculin. 


Case VI.—Mrs. N. S., aged 39. Clinical diagnosis: 
tuberculous uveitis. Family and personal history negative 
for tuberculosis. Distinct attacks of cholecystitis in the 
past. Right eye injured while gathering cobs in the field 
two years previously; removed two months ago. Now the 
left eye is becoming involved, uveitis developing. The 
optic nerve was normal, fundus normal, vision }$, low grade 
uveitis with slight scleritis. No evidence of tubercular 
involvement of the lung. Intradermic tests using the stick 
reaction and concentrated bovine and human old tuberculin 
were strongly positive. Seventeen injections of tuberculin 
T. R., mixed varieties given over a period of five weeks 
with a maximum dosage of yymgm T. R. human and 
Tonoemgm bovine, were given. Three months later the 
eye was apparently cured of all active trouble; there re- 
mains the lens opacification above the pupil space and the 
old punctate depositis, now scars, no Descemets’ membrane. 
Result: very satisfactory. 


Case VII.—Mr. J. C. M., aged 29. Clinical diagnosis: 
retinal hemorrhage, more recent episcleritis of each eye. 
No family or personal history of tuberculosis; no tubercular 
changes in the lung detected. Intradermic test using the 
stick reaction and concentrated old tuberculin, was strongly 
positive. Infected tonsils were removed and a pathologic 
examination showed them to be tubercular. Two weeks 
later tuberculin injections were begun using T. R. and B. E. 
Thirty-five injections over a period of five months were 
given, with a maximum dosage of ~ymgm T. R. and 4 §mgm 
B. E. Two months later the oculist reported that the 
eyes had healed entirely. Result: very satisfactory. 


Case VIII.—Miss A. E. D., aged 35. Clinical diagnosis: 
tuberculous iritis. Had an attack of interstitial keratitis 
in same eye formerly; this cleared under general treatment. 
History of tubercular glands of the neck. Episcleritis 
developed in the same eye and two days later an acute 
attack of iritis with nodules typical of tuberculosis. Intra- 
dermic tuberculin test using the stick reaction and concen- 
trated old tuberculin was strongly positive with papule 
and blister formation. Twenty-six injections of tuberculin 
T. R. and B. E., over a period of eleven months were given; 
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the local reactions were always marked, but no focal or 
general reactions occurred. The maximum dosage was 
Tonoomem B. E. and zajpomgm T. R. Result: distinct 
clinical improvement; the iris healed completely. 


Case IX.—Mrs. H. W. McK., aged 57. Clinical diag- 
nosis: iritis, recurring tubercular infection of left eye, 
obesity and hypertension. Two distinct nodules in left 
eye in the iris at pupillary border; gelatinous like floating 
particles in vitreous. Intradermic tuberculin test using 
the stick reaction and concentrated old tuberculin was 
strongly positive. The acute irido-cyclitis was at first 
treated with hot packs and subconjunctival injections. 
Later subcutaneous injections of tuberculin T. R. were 
given over a period of six months. The maximum dosage 
was ytymgm T.R. Result: improvement was marked; the 
affected eye free from inflammation. Vision #$. 

Case X.—Mr. J. F. C., aged 20. Clinical diagnosis: 
tuberculous iritis in each eye, just beginning in the left. 
The intradermic tuberculin test using the stick reaction 
and concentrated old tuberculin was strongly positive. 
Twenty injections of B. E. and T. R. over a period of four 
months resulted in marked improvement. The maximum 
dosage was rhymgm B. E. and y4ymgm T.R. Patient was 
seen again eight months later and reported that he had been 
fine, that the eyes had been in good shape, the left better 
than the right. He had gained five pounds in weight. 
Result: marked improvement. 


Case XI—Mr. G. W. J., aged 30. Cliriical diagnosis: 
tuberculous choroiditis, left eye. Intradermic tuberculin 
test was strongly positive with a dilution of 1 to 1,000,000 
oldtuberculin. Patient was given Tebeprotin (Toenniessen), 
eleven injections in all, the last one—tcc of dilution 2. 
Result : some improvement; the‘ patient then ceased coming. 


Case XII.—Miss M. W., aged 21. Clinical diagnosis: 
destructive choroiditis in right eye since childhood; now in 
left eye there are opacities in the vitreous and irido-cyclitis 
is present. Although the patient had a negative Wasser- 
mann test, owing to the history of a positive test in the 
father, preliminary mercury injections were given with no 
benefit. Intradermic tuberculin tests were negative, using 
old tuberculin. Tebeprotin injections were given; local 
reactions were only obtained when the maximum dose 
yyomgm was employed. This was repeated nine times over 
a period of two months. There was some improvement, 
the eye beginning to clear, the scar becoming thinner. 
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Case XIII—Mr. T. B., aged 41. Clinical diagnosis: 
double keratitis and uveitis. The attacks began eighteen 
years ago with uveitis and exudates probably tubercular 
in origin. One sister died of tuberculosis. Owing to the 
marked clouding of the cornea, the patient had difficulty 
in getting about. The intradermic tuberculin reactions 
using old tuberculin were distinctly positive in a dilution 
as high as I to 10,000, and were accompanied by a general 
reaction which was followed by a clearing of the cornea so 
that the patient was able to get about much better. An- 
other subcutaneous injection of ;4,mgm old tuberculin was 
again followed by local and general reaction and further 
clearing of the cornea, so that the patient could walk by 
himself. 


Case XIV.—Mr. C. G. M., aged 35. Clinical diagnosis: 
old choroiditis disseminate in both eyes, with recrudescence 
in the left eye. No family or personal history of tuber- 
culosis. The intradermic test using the stick reaction and 
concentrated old tuberculin was only slightly positive. 
There was a slight reaction in the eye leading to iritis and 
cyclitis, but this gradually subsided under treatment. 
Subcutaneous injections of tuberculin T. R. and B. E. 
given over a period of two years, sixty-four in all. After 
the early injections, some general reaction occurred with 
some elevation in temperature. A single focal reaction 
cleared quickly. He previously had treated with the same 
oculist for two years with no benefit. The choroiditis has 
greatly improved, no evidence of hemorrhage or exudation, 
but some scar formation leading to imperfect vision. 
Result: distinct improvement. During the first year’s 
treatment, his weight increased from 173 to 188 pounds. 


Case XV.—Mrs. A. B., aged 32. Clinical diagnosis: 
tuberculous irido-cyclitis in left eye of three months stand- 
ing. The intradermic tuberculin reactions were strongly 
positive with the higher dilutions and were followed by 
general reaction. Cervical lymph glands become smaller 
under treatment. Her brother had similar glands removed 
and these were found to be tubercular. Patient was given 
tebeprotin beginning with 0.3cc of dilution 3. Local reac- 
tions always occurred. She previously had headache and 
this was quickly diminished under treatment. Eighteen 
injections of tebeprotin were given over a period of three 
months. The maximum dosage was yymgm. The weight 
increased from 131 to 144 rounds during the first two 
months. Although the eye has not cleared completely, 
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there being still some evidence of iritis, the backgrounds 
are normal, no nodules are present, and she sees as well as 
with the other eye. Result: marked improvement. 


Case X VI—Mr. J. D., aged 49. Diagnosis: tuberculous 
irido-cyclitis of right eye. Attacks have been coming at 
intervals for the past five years. Intradermic tuberculin 
reactions using old tuberculin were strongly positive with 
a dilution as high as I to 1,000 and were accompanied by 
a focal reaction in the eye. Subcutaneous injections of 
tebeprotin were given, each one accompanied by local 
reactions. The maximum dosage was yymgm. There has 
been a rapid improvement, the patient returning to work 
as a painter within three weeks time. Twelve injections 
were given over a period of four weeks. 


Case X VII.—Mr. W. H. S., aged 35. Clinical diagnosis: 
retinal hemorrhages of at least six months standing. The 
oculist reported a hole forming process in the choroid near 
macula lutea of right eye; vision reduced to $$. Process 
was still active with a hemorrhage still visible on the temple 
side. The intradermic reactions using old tuberculin were 
slight but with larger doses of tebeprotin, it became more 
marked. No focal or general reactions developed. Sixteen 
injections of tebeprotin were given subcutaneously, includ- 
ing three injections of the maximum dose of yymgm over a 
period of three months. At the end of this time, the 
oculist reported no signs of activity. The small hemorrhage 
which was discovered in the back of the right eye had 
entirely disappeared. 


Discussion: In ten of the seventeen cases, both general 
and ocular improvement quickly followed the use of tuberculin 
given subcutaneously. These were cases 2, 3, 6, 7, 8, 9, 10, 
14, 15, and 16. The patients were satisfied and were able to 
resume their occupations. In case 10, the keratitis improved 
following two injections of old tuberculin, sufficient time not 
having elapsed for further observation and treatment. Case I 
showed no improvement and the conclusion was reached that 
the ocular condition was not due to tubercular infection. The 
remaining five showed some improvement, four of these being 
accompanied by choroiditis. In case 17, the retinal hemor- 
rhage and surrounding inflammation disappeared entirely 
under treatment. 





592 Oscar Berghausen. 


The patients who reacted in a general way by some elevation 
in temperature and an increased reaction in the eye, responded 
quickly, and the subsequent improvement in the ocular con- 
dition was very marked. In no instance did any harm follow 
such mild reactions. All of the patients realized the serious- 
ness of their conditions, cooperated fully, and were free to 
express their gratitude when the local condition had improved. 
Since there was no other evidence of an active tubercular 
process, it was not necessary to introduce other general 
therapeutic measures and the favorable results were readily 
ascribed to the tuberculin therapy. Most of them were 
treated with tuberculin B. E. and T. R., and there was no 
need of changing the preparation for another. Four of the 
patients received injections of Tebeprotin, prepared after the 
method of Toenniessen. This is a purified water soluble prepara- 
tion of the bacterial cell bodies. Following its use the local 
reactions of the skin were frequently marked, but such reac- 
tions always subsided. It was aimed to reach the maximum 
dose of ymgm as quickly as possible, but frequently a smaller 
dose was repeated to avoid reactions. 


SUMMARY. 


1. Tubercular infections of the eye are amenable to 
tuberculin therapy. 

2. Although it was not aimed to secure general or focal 
reactions, when they did occur, improvement in the ocular 
condition usually followed. 

3. Tuberculin B. E. and T. R. and the new preparation 
“‘Tebeprotin”’ of Toenniessen were employed and found very 
satisfactory. 

4. Diagnostic tuberculin tests are of value in establishing 
the proper diagnosis, particularly when accompanied by mild 
general and focal reactions. 

5. When ocular tuberculosis is accompanied by symptoms 
of tuberculosis in other organs, general measures should first 
be employed. 

6. In long standing or recurring infections of the eye, 
physicians will do well to think of the possibility of an under- 
lying tubercular infection, and make the necessary general 
and special examinations. 
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ON THE OPERATION FOR SHRUNKEN CATARACTS 
IN ADOLESCENTS.’ 


By Dr. ARNOLD KNAPP, New York. 


N young people there is a form of cataract which is shrunken 
and often calcareous, and represents the final stage of a 
congenital cataract. It usually affects only one eye, there 
are no adhesions of the iris, and the chief objection is its 
cosmetic blemish from which the patient is very anxious to 
be relieved. The usual methods of operating do not hold 
any hope of relief, for these cataracts cannot be needled or 
extracted in the usual way, while even if they can be cut 
through by a knife-needle or scissors, the wound does not 
gape and the deformity remains in the pupil. Total extraction 
by grasping the cataract with the capsule forceps is possible if 
the cataract can be seized, and there are no adhesions to the 
ciliary processes. The operation necessarily must be done 
with the preservation of a round pupil for cosmetic reasons. 
Usually the cataract is so shrunken and flat that it cannot be 
seized with the capsule forceps and extracted, and adhesions 
to the ciliary processes contraindicate unavoidable traction. 
Then the following procedure can be recommended. This 
method was successfully practised in the two cases which 
form the basis of this paper. 

The pupil is first fully dilated to determine the presence, 
location and extent of any adhesion to the ciliary processes. 
A keratome incision is then made just within the limbus 
where the periphery of the pupil is clear, adjoining the 
thickened peripheric capsular adhesion. The keratome after 





t Read at meeting of Am. Ophth. Soc., Washington, D.C., April 30, 1928. 
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passing through the cornea, perforates the clear capsule and 
the opening in the capsule is enlarged by lateral incisions. 
This causes the pupil to remain dilated by prolapse of vitreous 
into the anterior chamber, and facilitates future steps. With 
the de Wecker capsule scissors (Esberg’s model) the peripheric 
capsular adhesion is then divided. The shrunken cataract is 
seized with the blunt capsule forceps (Kalt) or with the 
Liebreich forceps modified by Panas, the sharp blade intro- 
duced in the vitreous behind the cataract and with the blunt 
blade on its anterior surface, the cataract is grasped and cau- 
tiously drawn out of the eye. A bead of vitreous may present 
at the corneal incision; it is cut off with the scissors applied 
on flat. The result is a black, round pupil, and a satisfactory 
cosmetic result is obtained. 
The cases are the following: 


(1)—G. S., aged 14, congenital cataract with broad 
thickened adhesion nasally. The pupil dilated fully. 
Local anesthesia. Keratome incision in lower cornea 
entered the clear pupil below the cataract. The capsule 
scissors divided the broad capsular adhesion by a vertical 
cut, at the nasal margin. Vitreous presented. The 
Panas forceps then seized the cataract and the cataractous 
mass was freed and cautiously pulled out. Slight amount 
of cortex remained. Vitreous snipped off. Atropin salve, 
bandage. Healing without incident, cortex absorbed, 
black pupil. 


(2)—F. P., aged 26, congenital cataract, now shrunken, 
with broad capsular adhesion above and nasally. Pupil 
reacted promptly. As there was some clear cortex above 
and nasally, a discission was first done in the upper and 
then nasal periphery. The resulting free cortex in the 
anterior chamber was evacuated 10 days later. Two 
months later the extraction was done under local anesthesia 
as follows: keratome incision down and in through clear 
pupil. The capsule scissors then cut through adhesion 
above. The cataract was seized with the Kalt forceps, 
and cautiously pulled out. Bead of prolapsed vitreous 
snipped off. Healing prompt. Round, black pupil. 


The main point in this operation consists in cutting the 
broad capsular adhesion before extracting the cataract. Thus, 
traction on the ciliary processes was avoided. When the 
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adhesion is divided, the cataract can be grasped and extracted 
without trauma to the eye, and a round black pupil is obtained 
This method is simpler and safer, to my mind, than the various 
operations which have been suggested for this form of shrunken 


cataract. 








CORRECTION OF DEFECT DUE TO THIRD NERVE 
PARALYSIS.* 


By Dr. MEYER WIENER, St. Louts, Mo. 


RALYSIS of the third nerve, partial or complete, leaves 

a very ugly and embarrassing disfigurement. This is 
all the more deplorable when the paralysis is permanent. 
Heretofore, patients so afflicted were given no encouragement. 
If operative means were resorted to, no permanent relief could 
be expected. 

The only ray of hope offered before the present time was a 
suggestion made by Edward Jackson, and independently by 
Dransart that the transference of the tendon of the superior 
oblique to take the place of the paralysed internus might 
help relieve the defect. Jackson (1) recommended, for 
paralysis of the oculo-motor nerve, that the superior oblique 
be taken up, the tendon isolated, and divided far enough from 
the eyeball to furnish a sufficient length of tendon, the pulley 
then cut, the tendon then drawn down and toward the eye- 
ball, and the cut end of the tendon sutured to the paralysed 
internus near its insertion. This operation had been done 
by Jackson on the cadaver but not on the living patient. He 
suggests that perhaps even a little better movement may be 
secured by subsequently splitting the external rectus for 15mm 
back from its insertion, and transplanting the upper portion 
to the temporal edge of the insertion of the superior rectus 
and the lower portion to a corresponding relation with the 
inferior rectus. It is possible that in a young person a limited ~ 
field of binocular fixation and stereoscopic vision could thus 
be obtained. 





t Read before the Sioux Valley Eye, Ear, Nose and Throat Academy, 
Omaha, February 15, 1928. 


597 





598 Meyer Wiener. 


Transference of the tendon of the superior oblique to the 
external rectus has been reported by Dransart (2) who also 
proposes the grafting of the tendon upon the upper edge of 
the externus, or the nasal edge of the inferior rectus. He 
suggests an incision through the skin at the upper inner angle 
of the orbit to expose the oblique at the pulley, and tunneling 
from there to the new point of attachment and drawing the 
tendon into the new position by a suture. 

Neither of these authors had ever tried the operation on the 
living patient. I was not cognizant of either of these articles 
when the idea first occurred to me. I also had a simplified 
technic in mind, the practicability of which has been proved. 

It may be well to refresh our minds with a brief review of 
the anatomical relationship. According to Whitnall (3) the 
superior oblique muscle lies along the angle between the 
medial wall and roof of the orbit. It arises by a short, 
slender tendon, anterior and medial to the optic foramen, 
from which it is separated by the medial rectus, in the angle 
between the annulus of Zinn and the periorbita. It may 
further be attached to the medial orbital wall for a few mm 
from its origin. The belly of the muscle, more rounded than 
that of the recti, runs forward, parallel and close to the nasal 
wall above the medial rectus, but separated from the latter 
by the nasociliary nerve and ophthalmic artery, and crossed 
by their ethmoidal branches; a few mm behind the orbital 
margin at its supero-medial angle, the muscle becomes ten- 
dinous and passes through a cartilaginous ring, the pulley 
or trochlea: it then bends abruptly backward, slightly down, 
and lateral-wards at a ‘‘trochlear angle’’ of about 54 degrees, 
and the round tendon broadens out, pierces the fascia bulbi, 
and passes beneath the superior rectus, to be inserted into 
the back and lateral side of the eyeball. The first part of 
the muscle from its origin to the trochlea is referred to as the 
direct portion, and the tendinous part between the trochlea 
and the globe, as the reflected portion. The tendon measures 
20mm or 34 inch in length from pulley to globe and is enveloped 
by a prolongation of the fascia bulbi, as far as the pulley. 

The line of insertion of the superior oblique tendon crosses 
the vertical meridian obliquely, and is curved with a back- 
wardly directed convexity; the breadth as measured by Fuchs 
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averaged 10.7mm. The distance from the corneal margin 
to where the line crosses the meridian is from 16. to 17.9mm. 
(Fuchs.) 

The trochlear, or fourth nerve crosses over the muscle 
from the mesial side to enter its substance at about 12mm 
from its origin; the blood supply is derived from the superior 
muscular branch of the ophthalmic artery. 


Case I.— The first patient on whom this operation was per- 
formed by me was a young man, J. F., first seen by me on 
June 23, 1919, at the age of 15. He hada congenital paraly- 
sis of all of the external ocular muscles of the left eye except 
the external rectus and superior oblique. Normal vision 
in right, y4' in the left. On July 2, 1919, a partial section 
of the externus and advancement and resection of the left 
internus was done at the Jewish Hospital. A temporary 
improvement was secured. On July 21, 1919, when he was 
allowed to go home, the left eye was almost straight. I did 
not hear from him again until early in 1927 when he wrote 
to me from his home in Tupelo, Miss., that his eye was as 
bad as originally and that he was very anxious to have 
something done. On April 25, 1927, the left eye still 
rotated out and down almost maximal to the temporal side, 
at least 35 degrees. Can turn in to within 15 degrees of 
the median line. Movement up and down are absent. 
ODV = }§. OSV = yy. Operation of transplantation 
of the superior oblique tendon was suggested to him and 
accepted. The operation was performed at the Jewish 
Hospital on April 7, 1927, under general anesthetic as 
follows: 

The superior rectus tendon was exposed and the tendon 
severed about 4mm from its attachment, after first putting 
in a stay suture. A hook was then passed behind the 
equator and the insertion of the superior oblique easily 
exposed. The tendon was then dissected by first stretching 
between two hooks, and then completing the exposure as 
far as the pulley, with the closed blunt, straight strabismus 
scissors. The tendon was then pulled up out of the way 
with the strabismus hook while a sharp scalpel was 
slipped along the tendon from above, slid into the opening 
of the pulley, and the anterior portion of the cartilagenous 
pulley slit through completely. The tendon was then 
severed from its attachment to the globe, the tendon and 
muscle loosened backward with the strabismus scissors, 
about \% inch cut off from the end, and then sutured under 
the insertion of the internal rectus. The tendon of the 
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externus was then exposed and lengthened after the method 
of Todd. The superior rectus tendon was then reunited 
and both eyes closed. On completion, the left eye was 
turned up, but was almost parallel otherwise. 

April roth, lid droops considerably; some edema of con- 
junctiva; left eye deviates up about 15 degrees. April 14th, 
less swelling and drooping, and not quite so much upward 
turning. When patient looks down and to the left, the 
left eye has a tendency to turn in. April 2oth, still con- 
siderable redness, left eye turns up about 10 degrees and 
out from 15 degrees to 20 degrees. When looking down, 
eye rotates in about 10 degrees. Looking to the right, 
eye rotates in about 10 degrees. Patient permitted to go 
home. On May toth, patient wrote that the condition 
was about the same as far as he could notice, the lid still 
drooping. On June 16th, he wrote that the eye was not 
fully opened, but was much better. This patient is to 
return for an advancement and reattachment upward of 
the new internus (superior oblique) tendon. This will give 
him a greater pull inward and correct the upward deviation. 


Case II.— On July 10, 1927, Mrs. L. S., age 50, consulted 
me on account of a right third nerve paralysis. Sometime 
in August, 1922, the right eye began to turn out and grad- 
ually the lid drooped. She consulted an ophthalmologist, who 
had a general physical examination made, including a search 
for possible focal infection. Later she consulted another 
ophthalmologist and went through the same physical 
examination. Dr. Joseph Lyter made a complete physical 
examination including Wassermann, but found her in 
excellent condition aside from the ocular defect. She had 
always been myopic and in good health. ODV with —10.0 
D.S. = ys. OSV with —8.0 DS. —o.5 D. Cyl.ax45 = 
4§. Fundus normal. Complete third nerve paralysis, right 
eye, except for slight function of levator when closing the 
left eye. 

On July 28, 1927, patient was operated upon at the 
Jewish Hospital under gas anesthesia. The technic was 
very much the same as in the first case except that a stay 
suture was placed at the insertion of the stierior rectus 
for the purpose of traction, making the exposure and 
separation of the oblique much easier. Another change 
was made in the insertion. On account of the course of 
the muscle and tendon being above the horizontal plane 
of the middle of the orbit, the end of the cut tendon was 
stitched to a position just above the insertion of the internus, 
with the thought of avoiding the tendency to upward 
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deviation. This was justified by the result. On August 
Ist, there was good movement and the result looked most 
promising. On August 9th, the right eye could be moved as 
far as the median line, with no upward deviation. Slight 
action of the levator. On November 29th it was noticed 
that the right lid could be raised quite a bit if the left eye 
were closed, but that it drooped almost completely with both 
eyes open. The right eye could be moved to about 5 de- 
grees past the center. Advised shortening of the new tendon 
serving as internus, and of the levator. 

On December 15, 1927, the new tendon was exposed, 
a segment was cut off and the end was stitched farther 
forward close to the corneal margin. A horizontal incision 
was made the length of the right upper lid about the middle 
of the tarsus, the tarsus cleaned of orbicularis, the aponeu- 
rosis of the levator exposed for the distance of about 12mm 
above the upper border of the tarsus. Two mattress 
stitches were then placed through the aponeurosis and 
muscle above, and then deep through the surface of the 
tarsus about 4mm from its upper border, forming a tuck 
in the levator muscle and thus raising the lid. The excision 
of part of the orbicularis heightened the effect. Patient 
left the hospital on December 19th. On December 20th, 
eyes were parallel on looking straight ahead. Movement 
beginning inward. Lids swollen. December 22nd, lids 
not quite so swollen. December 23rd, stitches removed. 
On January 3, 1928, raises lid fairly well. 


SUMMARY. 


From these two cases it would seem that we can give our 
patients afflicted with paralysis of the third nerve a most 
favorable prognosis, at least from a cosmetic standpoint. If 
the patient is operated upon early enough, as suggested by 
Jackson, there is also the possibility of restoration of binocular 
single vision. The experience gleaned from these two cases 
shows that about one inch of tendon should be excised, and 
that the new insertion must be placed above the attachment 
of the internus to avoid upward rotation, and must be sewed 
well forward. There appears to be very little danger of over 
correcting. The technical details are surprisingly simple and 
easy of execution. 


1. EpwarD Jackson. ‘‘Wood’s system of ophthalmic operations.” 
Volume I., p. 741. 
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2. DRaNnsART. Revue Général d’Ophtalmologie, 1907, p. 229. ‘De la 
suppléance du muscle grand oblique par la muscle droit externe et 
par la muscle droit inférieur.” 

3. WHITNALL. “Anatomy of the human orbit.” 
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ILLUSTRATING Dr. Mary Knicut AsBury’s ARTICLE, “A PATHOLOGIC STUDY OF Two 
CASES OF OCULAR TUBERCULOSIS,” 


FIG. I. FIG. 2. 


(Case 1.) Ciliary region showing site and extent _Area a in Figure 1. Destruction of 
of lesion. (x Io). ciliary body and exudate on inner sur- 
face. (x 40). 


Fic. 4. 


Lymphoid infiltration and giant (Case 2). Anterior segment of globe. (x 10). 
cells on edge of conglomerate tuber- 
cle. (x 85). 
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ILLUSTRATING Dr. Mary Knicut Aspury’s ARTICLE, “A PATHOLOGIC Stupy OF Two 
CasEs OF CCULAR TUBERCULOSIS,” 


Fic. 5. 


Area ain Figure 4. Corneal abscess. Area bin Figure 4. Tubercles at corneo- 
scleral juncture. (x 40). 


Fic. 7. 


Area c in Figure 4. Young tubercle in iris. Area d in Figure 4. Tubercle on outer 
(x 85). edge of ciliary body. (x 15). 











A PATHOLOGIC STUDY OF TWO CASES OF OCULAR 
TUBERCULOSIS. 


By MARY KNIGHT ASBURY, M.D. 
(SECTION ON OPHTHALMOLOGY, Mayo CLIinic, ROCHESTER, MINN.) 


(With eight illustrations in Text-Plates XXX V-XXX VI.) 


O cases of proved ocular tuberculosis which have come 

to my attention are noteworthy because the symptoms 
and clinical course cannot be readily reconciled with the 
pathologic picture. 


REPORT OF CASES. 


CasE 1.—A man aged sixty-three came to The Mayo 
Clinic October 10, 1923, because of painful, inflamed eyes. 
The trouble had started a year and half previously with 
severe pain in the top and back of the head. A few months 
later, the eyes became painful and intolerant to light, and 
the patient was unable to work, although his general health 
was good. He had been treated for iritis for a year. 

The condition of the right eye resembled scleritis more 
than active iritis. There was marked photophobia and 
some lacrimation. The bulbar conjunctiva was congested. 
Near the temporal limbus the sclera was thickened, deeply 
discolored and bulged slightly over an area 8mm in diameter. 
The cornea was clear, the corneal reflex normal. The iris 
was dark blue, was not swollen and did not contain nodules. 
The pupil was 4mm in diameter, eccentrically placed, and 
did not react to light because of posterior synechia. A 
lesion was not seen in the fundus. The ocular conjunctiva 
of the left eye was slightly congested. The cornea was 
clear except for slight vascularization along the upper margin. 
The anterior chamber was deep, and the iris dark blue; the 
pupil was slightly irregular and reacted sluggishly to light. 
Ophthalmoscopic examination was negative except for many 
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floating vitreous opacities. Examination for foci of infection 
disclosed only destructive arthritis of the right wrist. 

Three years before this examination, he had visited the 
clinic because of this sore, stiff wrist. The wrist had been 
injured in 1918 in a fall from a horse. Two years later 
soreness, stiffness and enlargement of the joint developed 
gradually with limitation of movement. The roentgeno- 
gram showed mild destructive arthritis, presumably tuber- 
culous. A roentgenogram of the chest showed interlobar 
pleurisy on the right side. The patient was given a splint 
for the wrist and when he returned three years later, the 
condition had improved greatly; there was no pain and but 
little stiffness. 

At the second examination many plugs were expressed 
from the tonsils, but they were not definitely septic. The 
appearance of the nose suggested that partial submucous 
resection of the septum had been performed, but the patient 
said that the nose had sunk in gradually and painlessly. 
The Wassermann reaction was negative, the blood count 
was negative and the urine normal. A special examination 
of the pelvic organs yielded negative results. There were 
supernumerary teeth but no evidence of dental infection. 

The patient spent four months in the hospital where a 
number of remedies was tried. Ten cubic centimeters of 
whole milk was injected intramuscularly every other day 
for about three weeks. At first the eye seemed to respond 
and the patient was more comfortable. Later the pain 
returned, and the margin of the cornea nearest the scleritic 
nodule became infiltrated. The milk injections had never 
produced a febrile reaction, however, and had only once 
caused definite leukocytosis. Typhoid and streptococcus 
vaccines were tried for their non-specific actions. Dionin 
was used to control pain but was seldom effective. Sub- 
conjunctival injections of oxycyanide and other local 
measures were also unsuccessful. The degree of involve- 
ment of the sclera varied considerably, and with succeeding 
exacerbations the infiltration of the cornea slowly progressed. 

Foci of infection were repeatedly sought. Subsequent 
examinations of the nose revealed idiopathic destruction of 
the entire cartilagenous septum with the membranes intact. 
There was no evidence of sinus disease. Because of the 
destruction of the septum and destructive arthritis of the 
wrist, tuberculosis was believed to be the etiologic factor in 
the ocular lesion. During the period of treatment the 
vision had steadily decreased in the right eye and the 
patient was very anxious to have the globe removed to be 
relieved of the pain. 

Enucleation was followed by mere than the usual amount 
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of hemorrhage which had no untoward effect. The socket 
healed promptly and the patient was relieved of pain al- 
though he still had many indefinite complaints. About 
three months later he committed suicide. 

Pathologic report—The globe was normal in size and 
shape. The cornea was fairly clear except for some deep 
infiltration near the temporal margin. In this area, the 
limbus and adjacent sclera were thickened and slightly 
nodular (Fig. 1). The globe was sectioned horizontally 
along the upper and lower borders of the cornea and the 
central portion embedded. There was a layer of white 
gelatinous exudate over the region of the ora serrata in the 
area corresponding to the scleral thickening. In front of 
the equator were a few small spots of choroidal atrophy and 
pigment migration. 

Microscopic report—The corneal epithelium was intact 
but there were a few areas near the periphery where it had 
become thickened to fill in gaps in Bowman’s membrane. 
The central portion of the cornea was fairly normal; the 
lamella were evenly arranged, and were not infiltrated. 
Near the juncture of the cornea and the sclera there was 
lymphocytic infiltration of the substantia propria. This was 
more marked on the temporal side where it involved several 
millimeters of corneal tissue. The infiltration had in- 
creased the width of the cornea and had destroyed or 
separated the lamelle. The infiltration was patchy. 
There was a small amount of vascularization, more notice- 
able in the small areas of infiltration. On the nasal side 
there was only a limited amount of lymphocytic infiltration 
around the anterior ciliary vessels and Schlemm’s canal, and 
in the superficial layers of the sclera. 

The anterior chamber was of normal depth, the angle 
was open but there were lymphocytes between the fibers of 
the pectinate ligament. There were several nodules of 
lymphocytic infiltration in the iris and the stroma was 
diffusely infiltrated with lymphoid and plasma cells. 

On the temporal side the infiltration was much more 
marked in the sclera than in the cornea. The sclera was 
thickened; the line of division between the sclera and 
ciliary body was lost, and the ciliary body partially de- 
stroyed; even the adjacent choroid and retina were involved. 
The lesion had caused most destruction in the region of the 
ora serrata. The outlines of the anterior part of the ciliary 
body were well preserved although the tissue was diffusely 
infiltrated; the pars orbiculus and the anterior part of the 
choroid were entirely destroyed, even the pigment granules 
of the epithelium were widely scattered (Fig. 2). There 
were numerous necrotic areas surrounded by walls of 
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epithelioid cells and separated by bands of fibrous tissue, 
and many foreign-body giant cells especially along the 
margins of the necrotic areas (Fig. 3). This area resembled 
a large conglomerate tubercle. Overlying this lesion the 
sclera was thickened. In the outer layers there was 
extensive lymphocytic infiltration. Many of the fibrous 
bundles of the sclera were destroyed and the remainder 
were infiltrated with lymphocytes. A layer of fibrin and 
lymphocytes covered the ciliary epithelium of the pars 
plana, became thicker over the ora serrata, replaced the 
epithelium and anterior part of the retina and then tapered 
off again. The choroid adjacent to the lesion was also 
thickened by the lymphocytic infiltration. Near the lesion 
the retina was separated from the choroid for several mill- 
imeters by a clear pink-staining exudate. The only lesion 
in the posterior part of the eye was slight lymphoid in- 
filtration around some of the retinal vessels. 

The lesion in this eye was situated in the pars plana of 
the ciliary body on the temporal side and involved the ora 
serrata. It was made up of small caseous foci surrounded 
by epithelioid cells and generously sprinkled with giant 
cells. Around the whole was an irregular wall of lym- 
phocytes which infiltrated the sclera, choroid, cornea, 
anterior portion of the ciliary body, root of the iris and 
pectinate ligament. The lesion had begun as a bilateral 
affection clinically resembling iritis. When the patient was 
examined the process was active in only one eye, and re- 
sembled scleritis; the clinical course was that of scleritis 
and sclerosing keratitis. The pathologic examination, 
however, proved that it was primarily a localized lesion in 
the ciliary body. Although repeated attempts to stain 
bacilli of tuberculosis in the tissue were unsuccessful, the 
pathologic picture was undoubtedly that of tuberculosis. 


CasE 2.—A woman aged twenty-seven was referred to The 
Mayo Clinic, July 13, 1925, because of pain and redness in 
the left eye which had first become apparent a month 
previously. There had been a similiar attack in the right 
eye nine years before, and an attack in both eyes five years 
previously. 

The tonsils had been removed following the second attack 
and a microscopic diagnosis of miliary tuberculosis was 
made by Dr. Warthin of Ann Arbor. The case was reported 
at that time by Dr. Cecil M. Jack, Decatur, Illinois. The 
patient’s general health was excellent and she had not had 
any more trouble with her eyes until the exacerbation which 
brought her to the clinic. Early in the attack a tag of 
tonsillar tissue was removed at her home; tubercles were 
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not found. The affection of the eye cleared up following 
this operation, however, but soon relapsed. At the time of 
admission the left eye had been continuously painful for four 
days. 

The vision was 7%; in both eyes. The lids were normal. 
The conjunctiva of the right eye was clear. There was @ 
dense haze in the lower nasal quadrant of the right cornea. 
The iris was gray-blue; the pupil was somewhat irregular 
and did not react to light. 

The palpebral conjunctiva of the left eye was faintly 
injected and there was circumcorneal injection around the 
lower half of the limbus. The pupil was partially dilated 
and very irregular, due to posterior synechia. In both eyes 
the media were clear except for pigment deposits on the 
anterior lens capsule, and the eye-grounds were normal. 
Chronic recurring i idocyclitis was diagnosed. Examina- 
tion did not reveal any outstanding focus of infection. In 
childhood drainage or removal of cervical glands had been 

erformed. Healing was complete but the scar was visible. 

Heart and lungs were normal. A roentgenogram of the 
chest was negative. Clinical evidence of tuberculosis could 
not be found. Intracutaneous tuberculin test (Mantoux) 
gave no reaction. Urinalysis and blood Wassermann 
reaction were negative. The tonsils were cleanly out, the 
nose was clear but the roentgenogram showed a cloudy 
right antrum and slight clouding of the frontal sinuses. 
Investigation of the sinuses did not reveal infection, how- 
ever, and the nose was considered negative as a focus. 
Although the history of pelvic infection was negative the 
cervix was investigated as a possible focus. The patient 
had been married four years and had had one pregnancy 
with normal delivery. The child was eighteen months old. 
Smears from the cervix showed many pus cells, and many 
gram-positive cocci. Culture showed streptococci, gram- 
negative bacilli and large gram-positive bacilli. 

The first attack in 1916 cleared up after six months of 
tuberculin therapy. In the second attack the patient had 
improved slightly on administration of tuberculin, then had 
grown so much worse that it was discontinued. This time 
improvement followed the removal of tonsillar tissue from 


which a microscopic diagnosis of miliary tuberculosis was 
made. Since the examination at the clinic in 1925 did not 
show evidence of tuberculosis, even the intradermal test 
being negative, and the tuberculin had been used unsuccess- 
fully in a previous attack, it was decided to try a vaccine 
made from the cultures from the cervix. 

The patient returned home and the vaccine was sent to 


her physician for administration. One course was given. 
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The eye cleared up entirely and remained so for nearly two 
years. During that period she had another child, who was 
six months old when the patient returned to the clinic in 
August, 1927. For two months the right eye had been red 
and very painful. Six intramuscular injections of milk 
had given good febrile reactions but had not relieved the 
pain. Atropine had been used constantly. The eye had 
gradually improved for several weeks, but a severe exacer- 
bation of pain had precipitated the patient’s return to the 
clinic. 

The palpebral conjunctiva was clear and there was no 
definite circumcorneal injection. The cornea was slightly 
hazy, the iris was discolored, the pupil irregular, and the 
tension decreased to palpation. The left eye was practically 
normal in appearance. The pupil was round, regular and 
reacted promptly. A diagnosis was made of recurrence of 
iridocyclitis of the right eye. 

The patient’s general health was good although she 
complained of lack of endurance. A considerable amount 
of leukorrhea had persisted for several months after child- 
birth. At examination the margin of the external os was 
slightly reddened; there was no erosion. The uterus and 
adnexa were normal. Streptococci were recovered from 
the cervical cultures. Although the evidences of infection 
were slight in view of the seriousness of the condition of the 
eye, a pelvic operation was thought to be justified. Follow- 
ing the operation the eye gradually improved, the pupil 
dilated, pain disappeared, and vision was clearer. The 
administration of a vaccine made from the streptococci 
cultured from the cervix was begun and continued by her 
home physician. When the patient was dismissed two 
weeks after operation, the eye was in fairly good condition 
and there was no pain. The sclera on the temporal side of 
the cornea was slightly infiltrated and there were three or 
four small gray nodules in the adjacent cornea. 

The patient returned six weeks later with severe inflam- 
mation of the right eye of three days’ duration. After she 
left the clinic the right eye had continued to improve until 
it was practically free from inflammation and vision had 
increased so that she could read large print with the affected 
eye. She had received increasing doses of vaccine weekly, 
having had seven in all. Two days after the last one the 
eye became red and on the following day very painful. She 
had not had symptoms referable to the pelvis and on the 
whole felt better than usual. 

Vision was reduced to light perception in the right eye, 
left ¢. In the center of the right cornea was a yellow spot 
2mm in diameter, surrounded by a cloudy zone fading 
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toward the limbus. The iris was very muddy; the outlines 
of the pupil were slightly obscured, but appeared to be ir- 
regular and the pupil did not react. Nodules were not 
present in the sclera. The tension was reduced. Corneal 
abscess was diagnosed. The eye was enucleated the follow- 
ing day and the socket healed promptly. Two months 
later the patient reported that she was feeling extremely well. 

Pathologic report—The globe was normal in size and 
shape; the corneal surface was smooth, the corneal substance 
diffusely hazy. In the center was an opaque yellow area 
2mm in diameter. There were a few deep, straight vessels 
in the cornea arising at the lower limbus. The iris was very 
indistinct. It appeared to be grayish, retracted and bound 
down along the pupillary border. The sclera adjacent to 
the temporal limbus was purplish. The remainder of the 
globe appeared normal (Fig. 4). 

Microscopic report—The cornea was thicker than normal, 
especially the central portion, due to cellular infiltration. 
The epithelium near the periphery looked healthy, but it 
became thinner toward the center and disappeared for a 
short distance. In the thinned portion the deepest layer 
was vacuolated and a few leukocytes lay between the 
epithelium and Bowman’s membrane, which was intact. 
Practically the whole of the substantia propria was infiltrated 
with polymorphonuclear leukocytes. The infiltration was 
densest in the center of the cornea beneath the break in the 
epithelium, and the lamellz here were opaque and stained 
diffusely with hematoxylin (Fig. 5). The leukocytic 
infiltration practically disappeared toward the limbus 
where, on one side, there was widespread vascularization 
with accompanying perivascular lymphoid infiltration. On 
the other side the polymorphonuclear cells were replaced 
near the limbus by a dense infiltration of lymphoid and 
epithelioid cells, some arranged in typical tubercles (Fig. 6). 
In some sections this type of infiltration extended to the 
center of the cornea in the deep layers of the substantia 
propria. Typical tubercles even containing giant cells 
were seen. Descemet’s membrane was pushed back and 
thrown into waves by this infiltration, but remained intact. 

There were adhesions of the periphery of the iris to the 
cornea. In places the adhesions and the base of the iris 
were densely infiltrated with lymphoid and epithelioid cells. 
The iris was rather thick due to diffuse infiltration of the 
stroma with lymphoid and plasma cells. There were also 
discrete nodules, some of lymphocytes only, others con- 
taining a nucleus of epithelioid cells. One projected far 
beyond the surface of the iris into the anterior chamber 
(Fig. 7). In some places the pupillary margin was fastened 
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to the lens capsule and there were also evidences of old 
broken posterior synechia. The lens was normal. 

In the connective-tissue stroma of the ciliary body were 
numerous lymphoid and plasma cells and also a few circum- 
scribed areas of dense lymphoid infiltration. One area 
adjacent to the sclera contained some endothelioid cells and 
a large giant cell (Fig. 8). The most posterior of these 
tubercles occured at the ora serrata. There were no lesions 
in the posterior part of the eye. 

At the juncture of the cornea and the sclera and in the 
ciliary zone, particularly on one side, the sclera was thickened 
and largely replaced by tubercles, collections of epithelioid 
cells surrounded by lymphocytes. Giant cells were seen, 
especially in the episcleral nodules. The posterior part of 
the sclera was normal. All attempts to stain bacilli of 
tuberculosis in the tissue failed. The scleral tubercles were 
the most typical and apparently the oldest seen in the eye. 
Those in the iris were yourig. The whole process, however, 
looked fairly recent, not more than a few months old. 
In spite of the history of other attacks years before, no 
definitely old or scarred tubercles were found. There were 
a few small areas between the active scleral tubercle where 
the tissue was more cellular and the collagen fibers less 
dense and not as evenly arranged as in normal sclera, but 
these changes were slight and were hard to evaluate when 
seen in such close proximity to active lesions. 


COMMENT. 


The clinical picture was that of recurring chronic iridocy- 
clitis. The signs of scleral involvement occurred late and 
never were prominent. The microscopic picture was typical 
of tuberculosis involving the anterior part of the sclera and 
secondarily extending into the cornea, iris and ciliary body. 
The pathologic changes were similar to those described by 
Chou, in a case studied by him which also was clinically 
diagnosed chronic iridocyclitis. The involvement in his case 
was more extensive than in the one reported here, but the dis- 
tribution was the same and was similarly interpreted as a 
primary infection of the sclera probably blood-borne, with 
secondary involvement of the adjacent structures. The 
corneal abscess in my case was an incidental lesion dependent 
on the lowered vitality or nutrition of the eye, and not char- 
acteristic of tuberculosis. 

Verhoeff advanced a theory, which he believed to be 





A Study of Two Cases of Ocular Tuberculosis. 611 


supported by clinical observation and experimental work, that 
the infection of the sclera is by way of the filtration angle, and 
that the bacilli are excreted through the intact ciliary epithe- 
lium along with the aqueous humor, and are carried by its 
current into the filtration angle. From the angle they have 
access to the sclera, the cornea, and the ciliary body through 
the spaces of Fontana which are continuous with the perivas- 
cular lymph spaces of the anterior perforating vessels, with the 
lymph spaces of the cornea, and with the suprachoroidal space. 
In support of this view he described minute exudates of 
epithelioid cells on and in the ciliary epithelium. I was not 
able to find any of these exudates inmy cases. The infection 
in the iris may have been carried by the aqueous humor, but 
only late after the scleral process was well advanced, for the 
tubercles in the iris were recent and scars of old ones were not 
found. 

In conclusion I repeat one of the points made by Chou, that 
tuberculous deep scleritis may exist without characteristic 
signs of scleritis, and add that tuberculous cyclitis may 
simulate scleritis. 
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SOME MODERN PREPARATIONS USED IN THE 
TREATMENT OF GLAUCOMA. 


By Dr. S. R. GIFFORD, Omana, NEB. 


(FROM THE DEPARTMENT OF OPHTHALMOLOGY, UNIVERSITY OF NEBRASKA 
MEDICAL COLLEGE.) 


1. ADRENALIN AND GLAUKOSAN. 


HILE the subject of adrenalin therapy is generally 
associated with the name of Hamburger, since he has 

done more than any other man to focus attention on its 
advantages, it should be remembered that a good deal of work 
had been done on the subject by others before his first pub- 
lished report in 1923. Darier and Landolt had reported some 
results in glaucoma by instillations of adrenalin in 1899, and 
in 1900 to 1904, Wessely reported on extensive animal experi- 
ments with adrenalin. He found that with the ordinary 
1:1000 solution instillation was ineffective, but that sub- 
conjunctival injections of the same solution produced maximal 
mydriasis accompanied by a fall in tension. When a 1% 
solution was used, the same effect could be produced by instil- 
lation. He did not try the method on the human eye, but in 
1909 Rubert produced a marked fall of tension in a normal 
human eye, lasting six to seven days. In 1914, Erdmann for 
the first time reported the use of subconjunctival injections of 
adrenalin in glaucoma, and recommended its use in that con- 
dition, in conjunction with miotics. Kollner, in 1918, con- 
firmed his results. Knapp, in 1921, investigated the reaction of 
sixty-five glaucoma cases to repeated instillations of adrenalin. 
All but five showed mydriasis and twenty showed a decrease of 
tension. This difference in the reaction of glaucomatous eyes 
from that of normal eyes seemed to Knapp to indicate an 
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increased sensitivity to sympathetic stimuli. In the same 
year Fromaget noted the immediate lowering effect on the 
tension of retrobulbar injections of novocain-adrenalin before 
glaucoma operations, which made operation unnecessary in 
some cases. Aubaret used the same method in a number of 
cases. Since 1923, besides some thirteen communications 
from Hamburger himself, numerous reports have appeared, 
chiefly in the German journals, on the subject of adrenalin 
therapy, only a few of which it will be necessary to mention. 
Gradle in 1924, referring to Erdmann’s work and to some 
earlier work of his own, was the first American to report on 
the use of adrenalin injections. He gave his results in sixteen 
cases, and recommended the method especially in glau- 
comatous iritis and after filtering operations which had not 
given sufficient effect. In America besides Gradle’s series, 
Pischel has reported on eighteen, King on three, and MacNie, 
Watson and others on one or more cases in which adrenalin 
proved of value. The reviewer, in 1928, reported on some 
cases of acute glaucoma produced by adrenalin. Hamburger 
at first used subconjunctival injections of three to five minims 
of 1:1000 adrenalin. On account of the sudden increase in 
blood pressure observed in a few susceptible patients with this 
dosage, he next recommended the same injection of dextro- 
rotatory adrenalin, to which was added an optically inactive 
substance produced in the synthetic manufacture of adrenalin. 
This solution, which he called Glaukosan, was devoid of 
unpleasant systemic effects, but, like ordinary adrenalin, was 
effective only on injection. He then had prepared a 2% 
solution of the usual levo-rotatory adrenalin, to which the 
same optically inert substance was added, and this solution, 
which he called Linksglaukosan or Glaukosantropfen, was 
effective by instillation. In using it, the patient is placed in 
the lying position, the lids are held open, and two drops are 
placed in the inner angle, after which the lids are held open 
for thiry seconds. This is repeated three to five times at 
fifteen minute intervals, according to the effect desired. This 
produces a marked blanching of the conjunctiva extending to 
the skin of the lids, with maximal mydriasis and a fall in 
tension. Being twenty times the strength of the ordinary 
adrenalin solution, this preparation must be reserved for 
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instillations only, and never injected, for fear of systemic 
effects, but no such effects are observed after its instillation. 
Thiel, besides subconjunctival injections of adrenalin, used 
a salve made with vaseline and adrenalin 1:1000, which 
patients could use daily, if necessary. Gradle, after having 
used subconjunctival injections, in 1925 advised the simple 
method of soaking a cotton pledge with four minims of adren- 
alin, and leaving this in the upper cul-de-sac for three minutes. 
Enough absorption occurred when it was used in this way so 
that the same effect on tension was produced as by injection, 
with absence of systemic effects, and simplification of the 
nreceding anesthesia to the instillation of two drops of 2% 
butyn. (The reviewer can vouch for the simplicity of this 
method, and has found it as effective as injections, after using 
it some one hundred times.) About the same effects have 
been reported from the use of these different methods. Gred- 
stedt in a recent comparison of adrenalin injections, and 
Glaukosantropfen, found that the decrease of tension from 
adrenalin in simple glaucoma was more marked and more 
lasting than that of Glaukosantropfen. 

The effects are, first mydriasis, which begins a few minutes 
after the first application, reaches a maximum in thirty 
minutes, and lasts six to twelve hours. This mydriasis is 
strong enough to break up fresh synechie which have resisted 
atropine and hence is of value in some cases of iritis without 
increased tension. In some cases, the tension at first remains 
unaltered, or even rises a few millimeters. In others, the 
tension begins to fall almost at once, but in most a significant 
fall is not noted for one to three hours, and the greatest 
reduction is seen the following day. The amount of reduction 
varies, some cases showing none, while in others a tension of 
9g to 10mm (Schiotz) is reached. Of a series of sixty-one 
glaucomatous eyes carefully observed by Vannas, thirty-six 
showed a significant fall of tension which reached normal or 
below in twenty-five of these. In one eye, a fall of 42mm was 
recorded but the average reduction was 18mm. Where the 
initial tension was not over forty, all the eyes in his series 
were reduced to normal tension, and some eyes with higher 
tension were also normalized, among them one showing an 
initial tension of sixty. 
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The duration of the reduction in tension also varies greatly. 
In Vannas’ series, of those in which normal tension was 
reached, it lasted one day in a third of these, two to three days 
in a third, and over three days in the remaining third, lasting 
as long as six to twelve days in six of these eyes. In a series 
of forty eyes reported by Rentz, the usual duration of normal 
tension was one to three days, but was four days in three eyes, 
five days in one, and eight days in one. Thiel found it 
necessary to repeat the treatments frequently, so used a 
1:1000 ointment, and by having the patients themselves use 
this several times a day, was able to keep the tension normal 
for several weeks, but this method of treatment is open to an 
objection which will be discussed later. On account of the 
great individual differences in the reactions to the treatment, 
it is impractical to control most cases of glaucoma by adrenalin 
alone. One great advantage of the treatment, however, is 
that, when combined with the use of miotics, the tension may 
be kept normal where miotics alone have proved incapable of 
such a result. Hamburger recommends using glaukosan 
eight to ten days, then returning to miotics, and when these 
become ineffective, using glaukosan again. He states that 
he has been able to keep the tension normal in many eyes for 
years by this method. Rentz found that after an adrenalin 
injection miotics were much more effective than before, and 
in six eyes was able to keep the tension normal for five months 
by these means. 

As to the types of glaucoma in which adrenalin is indicated 
or contra-indicated, most authors agree that it is ineffective in 
absolute glaucoma, and in inflammatory and hemorrhagic 
glaucoma. Hamburger, Rentz, Gradle, and Thiel recommend 
it as of especial value in glaucomatous iritis, where fresh 
synechie are broken up by the mydriasis at the same time that 
tension is reduced. Wegner, however, having used it in six 
such cases, saw good results in only two, and harmful effects 
in two. Pischel found the results uncertain and the treat- 
ments painful in this type of glaucoma. Jess, Seefelder, 
Marchesani, and Hildesheimer saw acute attacks of glaucoma 
follow its use in such cases, and Vannas, out of five cases, 
saw no effect in two and a marked rise of tension in the 
other three. He believes adrenalin is contra-indicated in any 
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inflamed eye. Its greatest field of usefulness is in simple glau- 
coma, where it will serve, in a large percentage of cases, 
to reduce the tension before operation, or, when used with 
miotics, may allow postponement of operation for long 
periods, and in some cases obviate it altogether. It is 
especially valuable in cases with a tension which remains from 
30 to 35mm Schiotz, in spite of miotics, in which an occasional 
adrenalin treatment will bring it down to normal, and allow 
miotics to keep it down for variable, but sometimes consider- 
able lengths of time. When confronted by an elderly 
patient who has lost one eye following a previous operation 
and who has a small field in the remaining eye, the surgeon 
may be most grateful for such an addition to his resources. 

The experience of the reviewer and his associates covers 
fifty treatments, the records of which are complete enough to 
be of any value. In about two-thirds of these, packs were 
used, in the other third subconjunctival injections. In 
fifteen instances the treatment failed to produce a decrease of 
tension sufficient to be of value. These failures were in cases 
of iritis glaucomatosa, two, inflammatory glaucoma, two, 
absolute, one, secondary, one, acute, one, and simple, nine. 
Among these occurred four attacks of acute glaucoma, two 
being in simple, one in secondary, and one in inflammatory 
glaucoma. In all the other cases, most of which were of 
simple glaucoma, a marked fall of tension occurred, the 
average decrease for the whole series being 10mm, while 
individual falls of 20, 23, and 24mm were recorded. In all but 
three of these, the tension reached normal. The tension was not 
recorded often enough to determine the average duration of 
decreased tension, but in thirteen it remained normal one 
week or more and in five one month or more, miotics being 
used also during this time. Many left observation with tension 
still normal, and several are still under observation. This 
experience agrees with that of other authors who report best 
results in simple glaucoma, and very few useful results in 
glaucoma of other forms. 

The occasional systemic effects from adrenalin injections, 
while alarming, have not produced any permanent ill effects, 
and may be avoided altogether by the use of adrenalin packs 
or Glaukosantropfen. The only other complication which 
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may occur is the provocation of an acute attack of glaucoma. 
- As has been seen, this is especially liable to occur in secondary 
glaucoma or in any case with an inflamed eye. While it 
occurs rarely in simple glaucoma, it does occur. The reviewer 
has seen four such attacks and Rentz, Stock, Hamburger, 
Hegner, Lohlein, Elschnig, and Vannas have also reported its 
occurrence in simple glaucoma. Stock saw it in three cases 
out of twelve in which adrenalin was tried and condemned 
the method on that account. While these attacks, so far as 
their reports show, have all been controlled without permanent 
ill effects, they are painful and alarming both to patient and 
surgeon. They occur in the first few hours after the treat- 
ment, during the period of mydriasis and are apparently the 
result of the mydriasis. The mydriasis may be minimized or 
prevented altogether by the free use of miotics before treat- 
ment and for several hours afterwards, without affecting the 
desired fall in tension. Ring advises miotics after adrenalin 
treatments to guard against acute rise of tension. Hamburger 
has suggested using eserine in this way, and has recently offered 
a new preparation, called amin-glaukosan, which controlled 
one such attack provoked by adrenalin. Two drops of 
eserine at five minute intervals before treatment, one drop 
every twenty minutes for the first hour afterwards, and one 
every half hour for the next two hours is usually effective in 
minimizing mydriasis. The patient should be watched for 
two hours after treatment and instructed to use enough 
eserine after this time to keep the pupil small. This is also 
usually effective in controlling the pain sometimes complained 
of, which may indicate a slight temporary rise of tension. 

The modus operandi of adrenalin treatments is under dis- 
cussion. At first thought to result from the pressing of blood 
out of the eye by the vaso-constriction produced, it would now 
seem that this explanation is insufficient, since the greatest fall 
of tension occurs when the vaso-constriction has given place 
to a secondary vaso-dilatation of the uveal vessels. This 
hyperemia is thought by Hamburger to be the beneficial 
factor, by promoting proper tissue functions and replacing 
venous stasis by arterial hyperemia. Vannas is content with 
believing that the vaso-constriction sets up some unknown 
changes in the tissues which result in decreased tension. 
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The suggestion of Knapp that the mydriasis is the important 
factor, allowing fluid collected in the posterior chamber to 
pour out into the anterior chamber, would seem to be inade- 
quate, since the greatest fall of tension occurs the following 
day, long after the mydriasis has disappeared, and also 
because the fall of tension occurs where mydriasis is prevented 
by miotics. 

An interesting fact is that adrenalin injections produce in 
the opposite untreated eye a slighter but definite reduction of 
tension. While this is not of much therapeutic importance, 
it arouses interesting speculations as to the nervous control of 
the tension of each eye being somewhat dependent on that of 
the other. The amount of adrenalin absorbed into the 
circulation would seem to be insufficient to produce such an 
effect, though some have explained the phenomena in this way. 


2. AMIN-GLAUKOSAN. 


In acute glaucoma, as has been seen, adrenalin treatments 
have proven of little value, although a few authors, as Macnie, 
Ring, Pischel, and Gradle, have reported isolated cases. 
Hamburger, Vannas and others‘ consider adrenalin contra- 
indicated, on account of the increased mydriasis, which makes 
operation more difficult, and may further increase the tension. 
In this condition, histamin, or amin-glaukosan, may prove 
itself of some value, although too few observers have as yet 
reported upon its use to justify very definite claims for it. 
It is a protein split product derived from histidin, a principal 
source of which is ergot. It was first described by Dale in 
1910, and was used, like ergot, in obstetrics. It exercises a 
paralytic effect on the sympathetic nerve-endings, is very 
toxic when injected, and when instilled in the concentration 
recommended by Hamburger, exercises an effect on the pupil 
which, according to him, qualifies it as ‘“‘the strongest miotic.”’ 
The previously used 1 :1000 solution proving ineffective, except 
by injection, which was very painful, Hamburger prepared a 
10% solution which he called Amin-glaukosan. One drop of 
this instilled in the conjunctival sac, the lids being held open 
for thirty seconds afterwards, produces a miosis sufficient to 
contract the pupil dilated by atropine to pin-point size in 
seven to fifteen minutes. It produces chemosis of the con- 
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junctiva, hyperemia of the uveal tract, and marked flushing 
of the whole face lasting three to six hours. Two drops of 
holocain should be used before instillation and the patient 
should be in the lying position. Using this preparation, he 
reports one case of acute glaucoma with tension of seventy, in 
which three drops at intervals of several hours, brought the 
tension down to twenty-four after twenty-four hours, where 
it was kept by miotics for four months. A second case is 
evidently the same one mentioned above in which amin- 
glaukosan was successful in aborting an acute attack brought 
on by glaukosan. He reports another case of secondary 
glaucoma, in which Fehr, using his original preparation of 1 
to 1000 by subconjunctival injections, aborted the attack. 
He has recently advised its use after glaukosan drops, to avoid 
the possibility of an acute rise of tension, and was successful 
in avoiding this in two patients in whom, without amin- 
glaukosan, it had occurred. 

Jager reports one case of acute glaucoma in which the use 
of amin-glaukosan had no effect on the pupil or tension, and 
produced so much chemosis and swelling of the lids that 
operation had to be postponed forty-eight hours. It will be 
seen that not enough experiences with Histamin have been 
reported to justify any definite claims for it in acute glaucoma. 
Definite drawbacks to it are the intense congestion and 
chemosis always produced, and the pain usually complained of. 


3. HYPERTONIC SOLUTIONS. 


Another method of reducing tension in acute glaucoma is 
the use of hypertonic salt solutions, systemically. This 
method, which was first used by Cantonnet in 1904, was 
suggested as a means of making the blood hypertonic, with 
the idea that this condition would cause absorption of fluids, 
including the intraocular fluids, into the blood stream, and 
would so lower the tension. Hertel, in 1913, reported on 
three cases in which the intra-venous injection of 150 to 200¢c 
of 10% sodium chloride reduced the tension, and those who 
have used the method since have usually referred to the 
technique of Hertel. Pletnewa reported on twenty cases so 
treated, with decrease of tension in all. Three cases were 
given the same amounts of salt solution by mouth, but in 
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only one of these did a fall of tension result. The effect on 
tension is naturally only a temporary one, so the method is 
chiefly of use in preparing patients with high tension for 
operation, or for controlling tension where operation must for 
some reason be delayed. Weekers reported good results in 
seven cases of acute glaucoma, the tension being reduced so 
that operation could be delayed several days in some cases. 
He saw no effect on tension in four cases of simple and two 
of secondary glaucoma. Weekers used only 5cc of 30% salt 
solution, which is not a sufficient amount to have much effect 
on the osmotic pressure of the blood. Gédslich, using Hertel’s 
technique, obtained reduction of tension in most of his series 
(19 cases), the amount of reduction varying from 7 to 21mm. 
Operation was done one to one and half hours later. One case 
of hemorrhagic glaucoma, one of acute glaucoma, and several 
of other types, were refractory. Gédslich removed 150 to 
200cc of blood before his injections, and in patients where this 
was not considered safe, obtained the same effect from the 
same amount of salt solutions given by mouth. 

Duke-Elder gave 35 to 50cc of 30% salt solution, and reports 
good results in four cases. In one case of acute glaucoma the 
tension was brought from 95 to 38mm in six hours by this 
method, when operation was performed. In a case of second- 
ary glaucoma the tension decreased from 58 to 20 and 
remained about 30mm for several months. He advises more 
concentrated solution, which does not require a large enough 
amount of injection-fluid to increase the blood volume 
appreciably, and so produces more rapid hypertonicity. 
Aside from a fall of blood pressure which has caused no serious 
results, and marked discomfort from the thirst for several 
hours, no inconvenient effects of the injections have been 
noted. The injection should be given slowly, requiring ten 
minutes for the 30% and thirty to forty-five minutes for the 
10% solutions. Water should not be given afterwards. 
Duke-Elder summarizes the indications for the method as 
follows: 

1. In acute glaucoma, in conjunction with miotics, before 
operation. 

2. To reduce high tension before any operation. Besides 
lessening the danger of vitreous loss and hemorrhage, reduc- 
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tion of tension allows the absorption of local anesthetics, 
which are ineffective in eyes with high tension. 

3. In iritis glaucomatosa, before using atropine. 

4. To facilitate ophthalmoscopic examination where the 
cornea is steamy from increased tension. 

5. Is of possible value in any intra-ocular inflammation by 
withdrawing fluids from the eye, these being replaced by fresh 
fluids from the blood stream, bearing increased anti-bodies or 
drugs which have been given. It would act theoretically like 
a paracentesis. 

As no traumatism is inflicted on the eye itself there is 
no danger in using this method in any form of glaucoma, and 
it does not increase the technical difficulties of operation, as 
amin-glaukosan may do. 

Solutions of 30% glucose have been given by Sansum to 
produce the same effect on the blood but large amounts must 
be given (300 to 500cc). Magnesium sulphate in large doses 
by mouth may also extract enough water from the blood by 
way of the intestinal tract to lower the intra-ocular tension 
and is used by neurological surgeons for the same effect on 
intra-cranial tension. The effect of giving these solutions by 
mouth, while less rapid than when the intra-venous route is 
used, is more prolonged. Duke-Elder suggests (p. 24) that 
the effect of intra-venous injections is enhanced and prolonged 
by the addition of some colloid such as gum arabic to the 
injection fluid. 

Some of the newer diuretics, such as Novazurol and Salyrgan 
have also been successful according to Hamburger, in reducing 
tension. 


4. TYRAMIN. 


Besides histamin or amin-glaukosan, another derivative of 
ergot, tyramin is being tried in glaucoma. This has in many 
ways the opposite effect of histamin, being a vaso-constrictor 
and sympathetic stimulant, and so dilating the pupil. While, 
according to vom Hofe, tyramin alone has little effect on the 
tension, when combined with histamin in the proportion of 
fifty parts tyramin to one part histamin, it produces maximal 
mydriasis with a fall of tension greater than that produced by 
adrenalin. The fall of tension is also marked in the opposite 
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eye, and lasts longer than in the injected eye. 4 to 7gcc are 
injected sub-conjunctivally. This combination of tyramin 
and histamin has been prepared by Bayer under the name of 
“‘Tenosin.”” Thiel saw a reduction of tension in several cases 
produced by ‘“‘Tenosin,” but found that in the same case, 
ergotamine, a drug to be described later, produced a more 
marked effect, so gave up the use of “‘ Tenosin.”’ 


5. CALcrum. 


Based on altogether different principles is the treatment of 
glaucoma by calcium. Chiari and Januschka found that 
calcium decreased the permeability of the capillaries, so pre- 
venting the edema produced by irritating agents such as 
abrin. Weekers in 1912 on these theoretical grounds, tried 
giving calcium chloride internally (3 grams daily) and found 
that some cases of glaucoma which had resisted miotics could 
be controlled in this way. The effects were not constant, but 
valuable in some cases. Gowland in 1917 reported relief of 
pain in five cases of acute glaucoma by the injection of 2cc of 
5% calcium chloride intra-muscularly. Alt in 1919 reported 
in 12 cases of all types of glaucoma, with favorable results in 
most of these. He gave calcium chloride by mouth. Kleiber 
tried the local effect of calcium on rabbits’ eyes. Sub- 
conjunctival injection of Mgcc of 3% afenil or icc of 2% 
CaCl, produced a marked fall of tension lasting in the latter 
case fora week. That this was due to decreased permeability 
of the ciliary epithelium or the capillaries seemed probable 
since such injections markedly delayed the appearance in the 
aqueous of fluorescein given intravenously. Subconjunctival 
injections produced severe inflammation but instillations of 
10% CaCl, produced as marked a fall of tension without signs 
of inflammation. No experience with this use of calcium in 
human glaucoma is reported. Vom Hofe reports that the use 
of calcium chloride and adrenalin together produces a fall of 
tension much more marked than that of adrenalin alone, last- 
ing as long as ten days. 


6. BARIUM. 


Another inorganic salt whose effect on the (glaucomatous) 
eye has recently been studied is Barium chloride. This is 
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known to produce marked contraction of smooth muscles and 
vom Hofe in 1926 found that sub-conjunctival injections of 
.2cc of a 2% solution produced maximal miosis in rabbits even 
after atropine. Barium and Adrenalin together have much 
more effect than adrenalin alone while barium alone has no 
appreciable effect on tension. Subconjunctival injections of 
barium produced marked chemosis and falling of the hair 
around the eye. No reports of the use of barium in human 
glaucoma are at hand. 


7. ERGOTAMINE (GYNERGEN). 


A third derivative of ergot which has been used in glaucoma, 
and the use of which has received more justification from 
clinical experience than either histamin or tyramin, is 
ergotamine. This contains the active principle of ergot most 
desired in obstetrics, and under the name of gynergen, is used 
subcutaneously in a dosage of yh, grain or by mouth ,4 to 
vx grain. Besides causing contraction of the uterus, it raises 
the blood pressure. It depresses the sympathetic nerve- 
endings and its use in glaucoma is based on the idea that 
hypertension is due to hyperactivity of the sympathetic 
system, and that such a drug would decrease the permeability 
of the vessels. Thiel and Rémer and Krebs found that sub- 
conjunctival injections of 1% solution produced slight miosis 
and fall of tension in the rabbit’s eye. 

Thiel reports on ninety cases of glaucoma in which ergota- 
mine was used by subcutaneous injection of .00025gm or oral 
administration of one to 3 tablets of .oo1gm, doses by each 
method being repeated three times a day. Rest for one hour 
after treatment is advised to avoid systemic symptoms 
observed in a few cases. A summary of results in these 
ninety cases is not given but a few illustrative cases show that 
in simple glaucoma the tension could be kept normal by oral 
administration of ergotamine for several months, and that 
after the first three to four weeks miotics which had been 
ineffective, were so much more effective that the ergotamine 
could be discontinued. In one of these cases the tension 
sank from 70 to 24 after one subcutaneous injection. In iritis 
glaucomatosa and some cases of secondary glaucoma where 
iritis was present, good results were obtained, and in one of 
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these an acute attack of glaucoma was aborted by one injec- 
tion. No effect was secured in absolute glaucoma. In 
inflammatory glaucoma a fall from 72 to 24 was observed in 
one case, but after remaining near normal for three days, 
tension rose to its former level in spite of the continued use of 
the drug. In this condition, while failures may be expected, 
ergotamine may at least be tried without danger of produc- 
ing an acute attack of glaucoma such as may occur after adren- 
alin. R6émer and Krebs observed reductions of tension in 
glaucoma produced by ergotamine, but not so great as 
would be produced by adrenalin. Heim confirms Thiel’s 
observations in a series of cases and also found that after 
using fairly large doses for a variable time, much smaller 
amounts were effective in keeping the tension normal, when 
combined with the use of miotics. The advantages of any 
method of treatment that can be given systemically, without 
traumatism to the eye, are obvious in certain cases of glau- 
coma. In sympathetic ophthalmia, for instance, when the 
pupil is bound down and rise of tension occurs, miotics are 
contraindicated, and operative interference is dangerous. 
In two such cases, the reviewer has seen at least temporary 
effect from ergotamine. In one case of glaucoma secondary 
to a cataract operation and another complicating a severe 
iridocyclitis the effect of ergotamine has been of great value. 
Poos has recently offered evidence that ergotamine is not a 
sympathetic depressant, but a stimulant of both the sympa- 
thetic and para-sympathetic systems. Hess shares this view 
since the drug is effective when the sympathetic is paralyzed. 


8. PITUITRIN. 


Besides adrenalin, another glandular extract, pituitrin, has 
been used in the treatment of glaucoma. Miller in 1924 and 
Samojloff in 1927, on the basis of Krogh’s proof that pituitrin 
increased the tone of the vessels without the secondary vaso- 
dilatation produced by adrenalin, investigated its effect on 
the intra-ocular tension. Miller found that dropping pitui- 
trin in the normal eye produced a deeping of the anterior 
chamber, which he interpreted as due to an increase in tone of 
the dilator iridis, although the pupil remained small. In three 
cases of glaucoma, a fall of tension was produced by instilla- 
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tions five times a day. Samojloff found that subconjunctival 
injections of .3 to .5cc of pituitrin (Parke-Davis) produced a 
marked fall of tension without the preliminary rise of tension 
seen with adrenalin, and without dilatation of the pupil. In 
rabbits, the fall amounted to 10 to 14mm. Injections in 
glaucoma patients after holocain instillation, were painless, but 
caused slight chemosis. A rise of blood pressure was observed, 
which had disappeared after twenty minutes. The decrease 
of tension was most marked on the second or third day after 
injection, and remained low for several days without the use 
of miotics. In one case of simple glaucoma tension decreased 
from thirty-five to twenty, and remained at twenty-five for 
eight days, when pilocarpin, previously ineffective, kept it at 
twenty-two during further observation. In a case of acute 
glaucoma with tension of sixty, this fell to twenty-two after one 
injection of .5cc and after a rise to forty on the fourth day, was 
kept between twenty-five and thirty for two weeks, when 
operation was performed. In three cases of advanced de- 
compensated glaucoma pituitrin produced decrease of tension, 
but not enough to avoid operation. 


SUMMARY. 


While the meagerness of clinical reports concerning many of 
these newer methods of treatment prevents any definite judge- 
ment on their value in glaucoma, some of them present 
interesting possibilities well worth further investigation. As 
to the danger of attempting their use, the principal ones that 
must be borne in mind are that of provoking acute glaucoma 
by adrenalin or glaukosan treatment, especially in eyes that 
are inflamed, and that of troublesome inflammation and 
chemosis which may be caused by amin-glaukosan or histamin. 
Enough evidence has accumulated to decide that adrenalin 
is of considerable value in simple glaucoma, in conjunction 
with miotics, in delaying operation, and that in some cases its 
use will obviate the necessity of operation, which is especially 
desirable where the field is already small. It may also be 
said that any of the methods of making the blood hypertonic, 
especially intravenous injections of 30% salt solution, have 
proven of definite service in reducing the tension until opera- 
tion can be performed under favorable circumstances. The 
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internal use of calcium and especially the internal or sub- 
cutaneous use of ergotamine would seem to present no dangers, 
and a trial of them in conditions where operation is undesirable 
seems indicated. The results of further experience in clinics 
where experimental therapeutics can be carried out with 
histamin, tyramin, barium and pituitrin, should be watched 
for with interest. While the mode of action of most of these 
drugs is still a matter of great uncertainty, investigations of 
them now under way in several clinics may some day throw 
light on the nature of glaucoma itself. 
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OCULAR SYMPTOMATOLOGY IN DENGUE. * 
BASED ON AN ANALYSIS OF 1241 CASES. 


By Dr. WILLIAM D. GILL, Capt., Mepicat Corps, UNITED STATES 
Army, WASHINGTON, D. C. 
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ENGUE fever is an acute, insect-borne disease of unknown 
etiology which is endemic in the tropics, but which 
at times becomes epidemic in character. In the hotter por- 
tions of the year it may spread to temperate regions and 
assume an epidemic form. It is a mosquito borne disease, 
and available experimental and epidemiological evidence indi- 
cates that it is transmitted from person to person only by 
the adult female of edes (stegomyia) egypti. 

The typical case is characterized by sudden onset; an initial 
erythematous rash; severe pains in the head and about the 
eyes, pains in the trunk and limbs; a fever of short duration, 
showing a fairly typical curve, and usually a well-marked 
leucopenia. A terminal rash appears in most cases. The 
acute stage of the disease covers an average period of six days. 
It is important because of the large numbers affected in 
epidemics and the prolonged period of convalescence which 
follows it. It is practically without mortality. In its pan- 
demic tendencies it resembles influenza. 

It must be differentiated from yellow fever, trench fever, 
measles, scarlet fever, influenza, Brills disease, papatacci 
fever, Rocky mountain spotted fever, meningitis, malaria, 
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the early stages of smallpox, and in addition, from certain 
dengue-like fevers which are common to the tropics. 

All attempts to isolate a causative organism in dengue 
have given more or less discouraging results; but, inasmuch 
as it is an insect borne disease, it is natural to infer that the 
causative organism is present in the blood stream. Ashburn 
and Craig (1) have proved that the unidentified causative 
agent is present in the blood stream by producing dengue 
fever in non-immune volunteers through the injection of 
blood from patients with the disease. Cleland, Bradley, and 
MacDonald (2 and 3) have verified the experiment of Ash- 
burn and Craig on the blood transmissibility of the disease, 
and have also obtained experimental evidence that the infec- 
tious agent is present in the blood stream of dengue patients 
as late as the eighth day of the disease. Siler, Hall, and 
Hitchens (4) have recently verified the insect transmissibility 
of dengue by the production of the disease in volunteers 
through the agency of «des (stegomyia) egypti mosquitoes 
that had bitten dengue fever patients. 

It is generally conceded that the ocular symptomatology, 
which forms such a striking feature of the early stages of 
dengue fever, is important in the differential diagnosis of the 
condition, for, not infrequently, certain of the ocular symptoms 
appear in advance of any other definite diagnostic signs of the 
disease, and, in the presence of an epidemic, are strongly 
suggestive of the onset of dengue. 

During the summer of 1923, an epidemic of dengue fever 
occurred in the vicinity of San Antonio, Texas, affecting the 
military as well as the civilian population of the city. During 
the epidemic, twelve hundred and forty-one patients with 
dengue fever were admitted to the Station Hospital at Fort 
Sam Houston, where, at that time, the writer was in charge of 
the Eye Clinic. An epidemic of dengue fever in the pre- 
ceding year had focused attention on the ocular symptoma- 
tology associated with the disease and caused us to make a 
special study of the eye symptoms in this new group of patients. 
These investigations disclosed certain symptoms referrable 
to the eye which were striking in character, surprisingly con- 
stant in occurrence, and of sufficient importance to warrant 
the detailed description which will follow. 
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The first symptom of note was retrobulbar pain. This 
symptom was present in every patient early in the disease, 
was usually quite intense, and formed one of the predominant 
characteristics of the illness. It was almost invariably 
described by the patient as being behind the eyes. Riley (5) 
suggests that the post-orbital pain, headache, and other 
phenomena such as loss or perversion of taste, vertigo and 
mental depression, which characterize the majority of cases 
of dengue, are of central origin. Siler, Hitchens, and Hall (6) 
agree that an analysis of experimental cases, as well as those 
occurring spontaneously, leads them to believe that dengue 
fever is an infection of the blood stream with toxic symptoms, 
involving especially the central nervous system. Their con- 
clusions, they state, are confirmed by the post-mortem 
pathology of dengue. Certainly, the post-orbital or retro- 
bulbar pain, which they found to be present in seventy-seven 
per cent. of experimental cases and ninety-three per cent. 
of spontaneously occurring cases, is a striking feature of the 
disease. According to them, in frequency of occurrence, it 
is exceeded only by headaches, and it is at least on a par 
in diagnostic value with the dermatological signs and adeno- 
pathy of dengue fever. It is not unlikely that the retro- 
bulbar pain and soreness are due to a myositis or myalgia of 
the extrinsic muscles of the globe similar to that which occurs 
in influenzal infections. When one recalls that other muscles 
in the body are affected with pain and soreness in dengue 
fever, it does not seem unreasonable to assume that a similar 
condition may affect the extrinsic muscles of the globe. This 
high percentage of occurrence places post-orbital or retro- 
bulbar pain in an important place so far as its diagnustic value 
in dengue is concerned. 

Photophobia is an early symptom in dengue fever and it 
may precede all other symptoms of the disease. It was 
present to some degree in practically every patient in the 
epidemiological group studied, was most marked during the 
first day or two of the disease, and gradually subsided as the 
general symptoms became less acute. Most of the patients 
affected with photophobia suffered acutely, and resorted, of 
their own accord, to a variety of means to minimize the in- 
fluence of light upon the eyes. 
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Conjunctival suffusion or congestion was universally present 
and was greatest during the first day or two of the disease, 
subsiding as the other symptoms became less acute. At 
the height of the congestion the photophobia was most in- 
tense, and there was usually quite marked lacrimation. The 
congestion affected principally the vessels of the bulbar con- 
junctiva; but, occasionally, those of the palpebral conjunctiva 
also were affected. Ciliary injection was observed in a num- 
ber of patients, which, in view of certain other findings, such 
as post-dengue ciliary weakness and accommodative symp- 
toms, which will be considered in greater detail later in this 
article, caused one to suspect more strongly that there was 
present an actual inflammatory involvement of the ciliary 
body. The fact that the globe was usually sensitive to palpa- 
tion is additional evidence in this direction. 

In a few patients there was an associated discharge of 
mucus from the conjunctiva, which, however, never attained 
marked proportions. Eleven of the patients having catarrhal 
discharge from the conjunctiva were selected for bacterio- 
logical investigation. Direct smears were made from the 
conjunctiva of these patients and examined for micro- 
organisms. All proved to be negative with the exception of 
two smears in which a few pus cells were found. Cultures 
were also made from the conjunctival secretion of these 
patients with negative results in all except two, in which a 
few colonies of staphylococcus albus appeared on the plates. 
These studies were abandoned when we failed to isolate any 
organism which could be regarded as the etiological factor 
in the production of the conjunctival congestion. The con- 
clusion was reached that the conjunctival congestion and 
associated discharge were not due to surface action of bac- 
teria, but were, in all probability, due to the effect of a cir- 
culating toxin. In this connection it will be recalled that 
simple hyperemia is in itself sufficient to cause an increase in 
activity of mucous glands. 

A third noteworthy finding referable to the eye in this 
epidemic, and to which we have been unable to find any 
reference in the medical literature pertaining to dengue fever, 
was the constant occurrence of engorgement of the retinal 
blood vessels. There was some variation in degree, but, in 





632 William D. Gill. 


most instances, it was classified as intense. Its onset was 
early, the acme being reached on the third or fourth day of 
the illness, and it subsided in degree from that time until 
convalescence was established. It was greatest during the 
period in which the headache and retrobulbar pain were most 
intense. It was thought that engorgement of the retinal 
vessels was merely a part of the severe cerebral congestion 
affecting these patients during the early days of their illness. 
Support for this belief is furnished by the fact that many of 
the patients suffered from attacks of epistaxis which caused 
either a marked amelioration of the headache and other con- 
gestive phenomena, or a complete disappearance of these 
disagreeable symptoms. 

In addition to the above findings, some degree of hyperemia 
of the optic nerve head was present in every patient; but 
there was no abnormality in its level nor in the sharpness of 
the margins. It developed concurrently with the engorgement 
of retinal vessels and was, in all probability, due to the same 
etiological factors. As the retinal engorgement subsided, the 
hyperemia of the nerve head decreased and finally disappeared, 
leaving no residual change. The alteration in color of the 
nerve head and the retrobulbar pain already referred to strong- 
ly suggest the existence of retrobulbar neuritis; but, because 
of the magnitude of the epidemiological group studied and the 
discomfort which extended diagnostic procedures would cause 
these patients, we did not conduct the lengthy examinations 
required to establish this diagnosis definitely. Such rough 
tests of the visual fields as we were able to make in studying 
this group of patients did not reveal defects in the central 
or peripheral fields, nor alteration in color perception. 

Riley and Porter (7) studying a group of fifty-eight patients 
in the Philippine Islands, found that rachicentesis, with the 
withdrawal of thirty to forty cubic centimeters of cerebro-spinal 
fluid resulted in relief of the headaches, retrobulbar pain, and 
other congestive phenomena in most of their patients. They 
found that the fluid withdrawn was under markedly increased 
pressure in eight patients, moderately increased in twenty- 
nine patients, normal in seventeen and below normal in four 
patients. They failed to find any cytological or chemical 
deviation from normal in the fluid. Manometric readings 
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were not taken, the pressure having been roughly esti- 
mated. 

Increase in spinal fluid pressure would explain on a 
mechanical basis the passive congestion of the retinal vessels 
through increase in the fluid pressure in the vaginal sheath 
of the optic nerve, forcing the sheath of the nerve outward 
and causing an angulation of the central vein of the retina, 
thus impeding the outflow of blood and manifesting itself as 
an engorgement of the peripheral retinal veins. In view of 
the fact that no changes in the neuroretinal margin nor in 
the level of the nerve head were observed, we feel that the 
increase in cerebro-spinal fluid pressure could not have been 
very great in any patient of our group, though, in all prob- 
ability, slight elevation of spinal fluid pressure was the rule. 
Opportunities were not presented to accurately check the 
spinal fluid pressure in these patients by rachicentesis and 
definite proof that elevation in spinal fluid pressure was 
present is lacking. The writer feels that, in addition to this 
possible mechanical factor, there is an associated effect due 
to a circulating toxin, and that the latter is, in all probability, 
the most important etiological factor in the production of the 
vascular disturbance, as well as the change in color of the 
nerve head. 

The effect on the retinal as well as on the anterior ciliary 
and conjunctival vessels may well be due to the direct effect 
of a circulating toxin on the vessel wall permitting its dilation, 
though it may be merely a part of a generalized cerebral 
congestion which likewise may be due to a similar cause. 
The experiments of Ashburn, Craig, Cleland, et al, already 
referred to, demonstrate that this is a possibility in that 
they have all definitely shown that there is a circulating 
toxin present in the peripheral blood of dengue fever 
patients. 

Another noteworthy phenomenon which was observed in 
certain patients in this epidemiological group was post- 
dengue accommodative weakness or insufficiency, which at 
times became so marked that it could be termed an actual 
paralysis of the ciliary muscle. The condition usually 
manifested itself at about the time that convalescence from 
the fever was established, affected both eyes equally, and 
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persisted for from two to four weeks. The iris did not share 
in the paralysis and though there was possibly some sluggish- 
ness in response to light stimulation in certain instances, we 
failed to observe any patient in which there was definite 
iridoplegia which could be attributed to dengue. Barkan (8) 
and Van Milligen (9) have both described similar conditions 
occurring in dengue fever. Couffon and Pagnier (10) have 
mentioned nearly complete absence of knee jerks and pupillary 
response to light in a group of dengue fever patients observed 
by them, and state that the pupillary reflexes returned to 
normal within a few days after defervescence. Riley and 
Porter (11) state that they observed a patient in the Philip- 
pine Islands in which post-dengue ciliary paralysis persisted 
for longer than four weeks. 

Post-dengue ciliary paralysis or accommodative insuffi- 
ciency must be differentiated from that due to diphtheria, 
influenza, focal infections, metabolic disorders such as diabetes, 
and poisoning by ptomaines. 

Many patients suffering with post-dengue accommodative 
weakness escape detection for several reasons. It will be 
recalled that the emmetrope, if affected with paralysis of 
accommodation, is unable to do any near work with the 
eyes; but so far as distant vision is concerned, little or no 
effect is produced. In the hypermetrope, paralysis of accom- 
modation makes itself still more noticeable, since, without 
accommodation, he sees poorly even at the distance; while 
with the myope, paralysis of accommodation causes little or 
no inconvenience and the paralysis may be only accidently 
discovered at the time the eyes are examined. By the same 
token, presbyopes will not be inconvenienced by paralysis 
of accommodation if the sclerosis of the lens has reached a 
certain point and the paralysis of accommodation may, in 
this instance, remain undetected unless a very careful exami- 
nation of the eye is made. 

When the minimum normal accommodation is less than 1.5 
diopters, that is, at about the age of forty-eight, or beyond, it 
is difficult or even impossible to detect accommodative 
paralysis. It is therefore evident that a number of patients 
with paralysis or insufficiency of accommodation following 
dengue fever will escape detection because of the fact that 
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they suffer from no inconvenience on account of the paralysis. 
In this group would be included the myope, the presbyope 
beyond a certain age, namely, forty-eight years and above; 
and in addition, we must include individuals suffering only 
slight discomfort who would ignore their disability altogether. 
It is estimated that approximately three per cent. of the total 
number of patients affected with dengue returned because of 
asthenopic symptoms which were due to ciliary weakness, 
but, as has already been stated, there is good reason to believe 
that this number is too small and does not represent the total 
number affected. Paralysis of the ciliary muscle in dengue 
is in all probability due to the direct action of a toxin on the 
muscle. 

There were no patients in this series with visual impair- 
ment remaining after the paralysis subsided in which the 
impairment was due to dengue. 

Many patients not complaining of accommodative distress 
stated that viewing motion pictures caused them considerable 
annoyance and that the effect of bright light was most dis- 
agreeable to them. This phenomenon was probably due 
to a persistent retinal hyper-sensitiveness of toxic origin, 
made more noticeable to the patient by the bright sunlight 
usual in sub-tropical zones. It constituted only mild dis- 
ability, was fleeting in character and disappeared within the 
first month after the fever. 

Neither chromatopsia, paralysis of extrinsic ocular muscles 
nor keratitis of any type were present in this series of 
patients. 

Bearing in mind that in some epidemics of dengue fever a 
marked hemorrhagic tendency has been observed, close search 
was made for evidence of hemorrhage from retinal and choroi- 
dal vessels; but there was not a single patient in which this 
complication was observed. The tendency to hemorrhage 
was limited entirely to vessels of the nasal mucous membrane 
and while many of the dengue patients had attacks of epis- 
taxis, it was never profuse. Nosebleed usually resulted very 
promptly in an amelioration or complete subsidence of many 
of the disagreeable symptoms such as headache, retrobulbar 
pain or vomiting, probably because of reduction in blood 
pressure which, no doubt, influenced indirectly that of the 
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cerebro-spinal fluid. This phenomenon suggested that vene- 
section would in all probability, relieve many of the dis- 
agreeable symptoms, but this therapeutic measure was not 
tried and we are therefore unable to express an opinion con- 
cerning its value in the relief of such symptoms. 

Therapeutic measures employed for the relief of subjective 
eye symptoms were purely symptomatic. Weak astringent 
lotions in combination with a mild local anesthetic such as 
butyn or holocain gave relief from the burning sensation in 
the eyes. Cool compresses to the lids were especially grateful 
to the patients and constituted a valuable adjunct to treatment. 
Subdued lighting and keeping the eyes closed minimized dis- 
comfort incident to photophobia and excessive lacrimation. 
The retrobulbar pain was difficult to influence but was amelio- 
rated to some degree by the internal administration of salicy- 
lates and coal tar anodynes. 

Post-dengue accommodative weakness required no treat- 
ment as it subsided spontaneously in from two to three weeks 
leaving no residual pathology. The use of suitably tinted 
lenses is, however, advisable in this group of patients for the 
protection from glare which they afford. 

The use of the eyes for near work should be avoided by 
patients suffering from accommodative weakness until the 
ciliary muscle has fully regained its tone. Attention to the 
general health of the patient during convalescence will mini- 
mize discomfort during this stage and hasten the return of 
the ciliary muscle to its normal state. Insistence upon abso- 
lute rest in bed during the acute period of the disease will do 
much to increase the comfort of the patient and to reduce the 
incidence of disabling sequele. 

I am indebted to Major Charles G. Sinclair, Medical Corps, 
Laboratory Service, and to Capt. Logan M. Weaver, Medical 
Corps, Eye Department, Station Hospital, Fort Sam Hous- 
ton, Texas, for the valuable assistance rendered in the investi- 
gation of these patients. 


SUMMARY AND CONCLUSIONS. 


1. The ocular symptoms of dengue fever such as photo- 
phobia, retrobulbar pain, conjunctival congestion, hyperemia 
of the optic nerve head, and retinal vascular engorgement 
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constitute important items in the clinical picture of the dis- 
ease, and are useful as an aid in differential diagnosis. 

2. Persistent retinal hypersensitiveness may prove annoy- 
ing under certain conditions, but it subsides spontaneously 
and is without harmful after effect. 

3. Post-dengue accommodative weakness occurs with 
sufficient frequency to make it important. It is distressing 
to the patient while it is present, though the degree of dis- 
comfort varies with the individual. It may escape detection 
in certain patients. 

4. Well chosen therapeutic measures can do much to 
alleviate the distress incident to dengue by minimizing the 
ocular symptoms. 

5. Apparently the unknown toxic agent of dengue has a 
selective action upon unstriped muscle fibers as evidenced by 
vasomotor disturbances during the acute stage of the disease 
and by accommodative disorders following it. 
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REPORT OF THE OXFORD OPHTHALMOLOGICAL 
CONGRESS, 1928. 


By B. CRIDLAND, Hon. SECRETARY. 


The XVIIIth Annual Meeting of the Oxford Ophthal- 
mological Congress was held at Oxford on July 5th, 6th and 
7th last. 

Members met informally at dinner on the 4th in the Hall 
of Keble College which again offered its hospitality, as in 
former years. The advantage which is gained by the all too 
short stay in College where each member is assigned rooms 
and becomes for the time beirig a student is quite one of the 
features of this successful annual gathering of ophthalmic 
surgeons. 

The proceedings of the Congress were held in the Depart- 
ment of Human Anatomy of the University, kindly lent for 
the purpose by Professor Arthur Thomson, to whom the 
Congress owes much. 

In addition to the Scientific Museum a Commercial Museum 
was on view in which fourteen well-known firms of ophthalmic 
instrument makers exhibited the latest forms of apparatus 
and instruments. 

The proceedirtgs commenced on the morning of Thursday, 
July 5th, with a short address of welcome by the Master, 
Mr. Puitip H. Apams, Reader in Ophthalmology of the 
University of Oxford. 

Immediately following this Professor LEONARD HILL opened 
a Symposium on the Ultra-Violet Ray, to which the following 
also contributed :—Mr. W. S. Duke-Elder, Dr. W. J. Turrell, 
Dr. C. M. B. Dobson, F.R.S., Mr. W. R. Ackland, Dr. N. S. 
Lucas, Mr. G. O. Hume and Mr. A. F. MacCallan; whilst 
Mr. J. Jameson Evans, Miss Marion Gilchrist and Mr. R. J. 
Coulter took part in the subsequent discussion. 

In his address Professor Hill dealt with the biologically 
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active rays, their measurement and their penetration of the 
skin and eye, the theory of the action and immunity to rays, 
the comparison of sun and lamps as sources, and the action 
of rays as evidenced by erythema, and touched on hemo- 
bactericidal power, rickets, ergosterol, vitamin D and pigment 
formation. 

Some interesting slides of the effect of erythema by ultra- 
violet rays were shown. 

Dr. G. M. B. Dosson, F.R.S., spoke next on the effect of 
atmosphere, the altitude of the sun and the presence of ozone 
on the transmission and the energy of ultra-violet rays. 

Curves and photographs illustrating these effects were 
shown. 

Dr. W. J. TURRELL gave his clinical experiences of the 
practical administration of ultra-violet rays, emphasizing the 
importance of the regulation of dosage. 

The lamp he favored was the Tungsten Arc lamp which 
he had used for thirteen years. 

Mr. W. R. ACKLAND dealt with phototherapy in the treat- 
ment of Dental Disease, referring especially to pyorrhcea 
and its relationship to ocular diseases. 

Dr. N. S. Lucas gave his extremely interesting experiences 
of the treatment of rickets in Marmoset monkeys by ultra- 
violet rays, using a mercury-vapor lamp. 

An interesting point observed was the effect upon the eyes 
when exposed to the rays, a reaction came on much more 
rapidly, z.e., from 1 to 2 hours, than in the human but passed 
off more quickly. He considered that some ultra-violet ray 
dosage was essential to monkeys not in their natural state. 

Mr. G. O. HuME spoke on the local application of the rays 
to the eye in certain conditions, emphasizing the importance 
of selection of cases and dosage. 

Mr. A. F. MacCatian, C.B.E., whilst recognizing the 
beneficial effect of phototherapy urged the need for a con- 
tinued search for casual conditions, notably septic foci in 
teeth, tonsils, etc. 

Owing to illness Mr. W. S. DuUKE-ELDER was unable to be 
present and his paper will appear in company with the full 
report of the Proceedings of the Congress in the Transactions 
of the 0.S.U.K. 
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The afternoon was devoted to demonstrations and the 
examination of ophthalmic apparatus in the scientific and 
commercial museums. 

In the former Mr. E. E. Mappox showed an Accommodation 
Balance Test, a new fixation site for the globe in intracapsular 
cataract extraction and an ingenious apparatus for training 
amblyopia in squint on a new principle involving hand 
and eye. 

Mr. RAYNER BATTEN showed an interesting collection of 
fundus drawings of diseases and anomalies of retinal and 
choroidal vessels. 

Dr. MARGARET DossoN showed a test for astigmatism in 
which the duochrome principle was applied to the Maddox 
“V” Test. 

Mr. GEORGE YOUNG demonstrated the instruments he now 
uses in the operation of double sclerectomy for glaucoma which 
he has devised and also a number of slides in which the effect 
of the operation could be seen. 

Mr. W. Niccox showed slides of a carcinoma of the choroid 
secondary to carcinoma of the breast and 

Mr. B. CrIDLAND exhibited a test-type for children. 

At the conclusion of the afternoon’s proceedings members 
and their friends repaired to the gardens of Trinity College 
for tea where they were welcomed by Professor and Mrs. 
R. A. PETERs who kindly acted as host and hostess. 

The Annual Dinner of the Congress was held in the evening 
in the Hall of Keble College and was unusually well attended. 

Among the guests were the Regius Professor of Medicine, 
Sir E. Farquhar Buzzard, K.C.V.O., Professor Arthur Thom- 
son, Miss Kirkaldy, Dr. W. J. Turrell, Dr. C. M. B. Dobson, 
F.R.S., and Dr. N. S. Lucas. 

In speaking on behalf of the Congress the Master, Mr. 
Puitip H. ADAMS mentioned that 18 new members had been 
elected during the year, the total membership being now 414, 
including Honorary members. 

The attendance at the Meeting in 1927 was 104 and in- 
cluded a good number of well known ophthalmic surgeons 
from the Continent and America. 

He regretted to have to record the loss through death of 
Professor Felix Lagrange, a Foundation Member, Dr. Brown- 
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low Riddell, Dr. W. J. Tyson, Mr. Fredk. Dale and Mr. T. 
O’Kelly. 

The toast of the visitors was proposed by Mr. R. J. CouLTer 
to which Sir E. FARQUHAR BUZZARD replied. 

The proceedings on the morning of Friday the 6th opened 
with a preliminary repott by Mr. BURDON CooPER on “‘Spec- 
troscopy of the Crystalline Lens” in which he gave with a 
lantern demonstration the results of the spectroscopic exami- 
nation of normal and cataractous lenses. The Spectrograms 
showed that in cataractous lenses potassium was diminished 
and calcium increased. 

Mr. T. HARRISON BUTLER next read a paper on “‘Sympa- 
thetic Ophthalmia” which should be read in the original. 

Messrs. S. H. Browning, Malcolm Hepburn, H. M. Traquair 
and A. W. Ormond joined in the discussion to which Mr. 
Butler replied. 

Then followed the Doyne Memorial Lecture which is 
undoubtedly the most important contribution to the proceed- 
ings of the Congress. Instituted in 1916 in memory of the 
Founder, the late Robert Walter Doyne, these Lectures have 
proved the occasion for the appearance of much valuable and 
original work. 

This year the Lecture was by Professor ARTHUR THOMSON, 
M.A., M.D., F.R.C.S., LL.D., D.C.L., Dr. Lees Professor of 
Human Anatomy of the University of Oxford, and was no 
exception to the rule. 

Prefacing his remarks with a fitting tribute to the Founder, 
Professor Thomson chose as his subject ‘Observations on 
the Eyes of Birds.”’ 

After a review of the literature of the past 250 years on the 
study of the pecten an exposition of the anatomy of this little 
understood portion of a bird’s eye was given, aided by some 
excellent slides and models. 

It was shown that the most prominent portion of the pecten 
which projected furthest into the globe was more closely 
attached to the hyaloid membrane overlying it than it was 
at its sides. 

The hyaloid lying upon this black pigmented structure 
acted as a dark mirror and the Lecturer suggested that its 
function might very reasonably be one of elimination of dazzle 
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from direct rays of the sun with reflection of objects from the 
upper field of vision, to some other part of the retina. 

The value of this in the case of all birds other than prey- 
birds would be at once seen. 

The latter, hovering with his back to the sun in the region 
of dazzle as far as the ground bird is concerned, is in a position 
of distinct advantage, whilst the former with his enemy in 
the region of dazzle and thereby difficult to see is greatly 
handicapped. 

If, however, it is true that the bridge of the pecten is a dark 
mirror, which can eliminate dazzle and reflect the image of 
the prey-bird, nature has provided the ground bird with a 
suitable means of defense. 

Some excellent photographs imitating these conditions as 
far as possible were shown and undoubtedly supported this 
fascinating and reasonable explanation of the function of 
the pecten. 

The subject is one which has received no attention worth 
notice since the days of Petit, some 200 years ago, and Pro- 
fessor Thomson is to be congratulated on his work. 

The Lecture delivered in a very clear and lucid manner 
commanded the greatest attention and at its conclusion 
Professor Thomson was presented with the Doyne Memorial 
Medal for the year. 

Mr. G. R. DE BEER, Lecturer in Comparative and Experi- 
mental Embryology in the University of Oxford, then gave 
a most interesting paper on some original work which he has 
carried out on the development of the vertebrate eye. 

It would be impossible in a few lines to give the essential 
points brought out and this valuable contribution to the 
subject should be read in the original. 

On the afternoon of Friday, the Scientific and Commercial 
Museums were again available, but as an alternative a visit 
to the Morris Motor Works had been arranged and the 
majority of the members availed themselves of the opportunity 
to see mass production of motor cars. 

On Saturday the 7th the session opened with a speculative 
paper by Lt.-Col. HENry Smitu, C.I.E., I.M.S., retd., on the 
nutrition of the lens and vitreous. 

Comparing the uterus with its rhythmic contractions as a 
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means of maintaining circulation and thereby nutrition he 
suggested that a sluice-like action of the ciliary muscle of the 
eye occurred whereby the canal of Schlemm and neighbouring 
spaces were opened and relaxed and so aided the circulation 
of the aqueous humor. 

Reports of a series of interesting clinical cases were then 
given by the following:— 

Miss Ida Mann, ‘‘A Congenital abnormality of the retina’; 
Mr. John Rowan, “A case of gliomata of the retina’’ (both 
eyes removed for gliomata at 1 year and 5 months, no recur- 
rence after over 344 years); Mr. George Young, ‘“‘A case for 
diagnosis” (enuresis up to the age of 17 which disappeared 
after correction of hypermetropic astigmatism); Mr. J. A. 
Ross, ‘‘Keratitis with intranasal causation’’ (Keratitis of 15 
years standing cured after treatment of an anterior ethmoi- 
ditis); Mr. C. G. Russ Wood, ‘‘ Case of Mikulicz’s disease with 
complications”; Miss Marion Gilchrist, ‘‘A case of Keratitis 
marginalis profunda occurring in both eyes.” 

All the cases were freely discussed by members. 

This concluded the proceedings of as good and pleasant 
a Meeting as has ever been held. 

The attendance was well over a hundred, a matter for 
congratulation as there were practically no members from 
abroad owing no doubt to the fact that the International 
Congress of Ophthalmology will take place at Amsterdam 
next year. 





REPORT OF THE TRANSACTIONS OF THE OPHTHAL- 
MOLOGICAL SECTION OF THE ROYAL SOCIETY 
OF MEDICINE. 


By Mr. H. DICKINSON, Lonpon. 


A meeting of the Section took place on Friday, June 8th, 
the chair being occupied by the President of the Section, 
Mr. ERNEST CLARKE, C.V.O., F.R.C.S. 

Mr. NorMAN FLEMING showed a patient with a congenital 
anomaly simulating retinitis proliferans. During the past 
year the right eye had been noticed to diverge painfully; the 
vision in that eye was ,%, that of the left being normal. In 
the fundus was a marked band of fibrous tissue, stretching 
from the disc in the lower part of the fundus, and apparently 
adherent to the fundus. There were also two other bands, 
and a mass of tissue adherent to each. There was no history 
of an injury having been sustained, either at birth or since; 
the birth was a normal one, without instrumentation. 

Mr. J. D. M. CARDELL showed a case of arborescent catar- 
act. The man, aged 70, had blue-dot cataract and crystalline 
deposits in the lens. The formation of crystals started from 
the posterior part of the lens and came forward in the sub- 
stance of the lens in a tree-like formation. 

Mr. Humpury NEAME sent a case of irido-cyclitis, which 
had very fine keratitis punctata on the lower cornea, both 
right and left; in the right was a complete circle of radiating 
folds of Descemet’s membrane. 

Mr. MontTAGuE HInk described a case in which an artificial 
eye burst in the socket and the orbital tissue got sucked into 
the interior. The case emphasised the fact that there was a 
negative pressure inside an eye when it was blown while hot, 
and on the air cooling, a partial vacuum was formed inside. 
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This woman was cooking, when she felt something explode in 
her face. She tried to get the artificial eye out, but did not 
succeed, and the orbit became painful. She went to the 
ophthalmic hospital, but the house-surgeon there also failed. 
Mr. Hine then saw the case, and after anesthetising the 
patient, he passed a probe to the back of the eye from below, 
thus displacing the tissue which blocked the hole, and when 
air was let in, there was an immediate releasing of the eye. 
He also showed and described a case of 


Neurofibromatosis of the Eyelid. 


It was a serious example of the condition, and he came 
to the conclusion that instead of trying to save the upper lid 
it would be better to remove the eyelid, eyeball, and some 
conjunctiva and orbital tissue, and then suture the lids. 
This was done. 

Dr. Harvey Wyatt reported that the under surface of the 
lid showed chronic inflammation, and this was communicated, 
by constant contact, to the lower lid, which was ulcerated. 
Beneath the skin of the upper lid and in the neighborhood 
of the Meibomian glands were extensive areas of small round- 
celled infiltration, and a few giant cells. The blood vessels 
were numerous, very congested and dilated. There was much 
thickened fibrous tissue from the nerve sheaths. The Mei- 
bomian glands contained degenerated and vacuolated cells. 
In the cornea the epithelium was regular and thin, with some- 
what flattened cells; the fibers of the substantia propria were 
also rather atrophied and thin. Iris and ciliary body showed 
changes due to chronic inflammation. He was unable to see 
any hypertrophied end-organs, such as Mr. Treacher Collins 
described in his case. The disc was cupped. 

Mr. FRANK JULER congratulated Mr. Hine on the result in 
his case. He showed pictures of a man whom he exhibited 
at the Section in 1920. There was then marked neurofibro- 
matosis of orbits and lids and in the temporal and occipital 
regions. He dissected away much redundant tissue from the 
eyelids, and the man had been able to carry on until recently. 
He had now come to have something more done, as there 
had been a further increase of the neurofibromatous condition. 
He asked whether Mr. Hine had much hemorrhage in his case. 
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In Mr. Juler’s own case there was great hemorrhage, and be- 
cause of that he did not do so much as he had intended. 
The patient had buphthalmos in 1920, but as there was vision 
the speaker did not feel justified in removing the eye. Today 
there was scarcely any perception of light, and as he was also 
having some pain in the eye, Mr. Juler thought he ought to 
advise excision. Today he found, by the corneal microscope, 
a number of blood vessels spreading from the periphery over 
the cornea, also a thin line, which might be corneal nerve, 
or a line of cells, such as Mr. Hine described. 

Mr. TREACHER COLLINs described what he found in two 
cases of similar kind. At the time the cases were exhibited 
he drew particular attention to the condition of the nerves in 
the eyeball itself. There were gray streaks in the cornea, 
a series of elongated cells, which he took to be a new growth 
around the nerve fibres; it was really connective tissue, not 
a growth of nerve fibrous tissue. When he examined the 
buphthalmic eye he found the angle closed, as if it had been 
an ill-developed angle. He advised removal of the eye in 
Mr. Juler’s case; in that case there was a very deep anterior 
chamber. 


PAPER. 


Mr. FREDERICK RIDLEY, F.R.C.S., read a paper on 


Lysozyme: an Antibacterial Body present in great concen- 
tration in Tears, and its relation to Infection of the 
Human Eye. 


He said that lysozyme, which was described by Alexander 
Fleming in 1922, was an enzyme capable of destroying not 
only non-pathogenic bacteria, but also most of those patho- 
genic to man and lower animals. It was found in all animal 
tissues and tissue fluids, and in most secretions. It was 
present in a high degree of concentration in tears, polymor- 
phonuclear leucocytes, and the nasal mucus and the sputum 
of man. Fleming showed that if a drop of nasal mucus were 
placed on the surface of an agar plate, the micrococcus lyso- 
deicticus would not grow in that area, even when thickly 
planted. 
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In the pure state, lysozyme was a yellow amorphous powder, 
easily soluble both in water and saline solution. It was not 
destroyed by desiccation below 40° C., and retained its potency 
for many months. Temperatures above 75° C. destroyed it in 
a short time. It acted efficiently at body temperature, but 
most rapidly at 60° C. It was quickly destroyed by any con- 
siderable quantity of free alkali or acid. It would not pass 
through parchment or collodion membranes, so it could be 
purified by dialysis. Wolff, of Holland, showed it gave none 
of the reactions for protein. It was probably stored in the 
body by means of fixation by the fats. Following its injection 
into an animal no anaphylactic phenomena were observed. 
In high concentrations, lysozyme can kill pathogenic organisms 
without obvious lysis. The excretions in which lysozyme 
was not found were cerebro-spinal fluid, urine, and feces. It 
was present in turnips, white of egg, fish and fowl. As com- 
pared with white of egg, tears had the advantage that they 
contained only a trace of protein. A fall in the lysozyme 
concentration of the tears always accompanied epiphora, if 
that condition had persisted longer than a few hours. In five 
cases of foreign body retained in the eye more than three days, 
the concentration in the affected eye was less than 45%, the 
fellow eye being normal in this respect. In sixteen cases of 
conjunctivitis, some being acute, some chronic, the infected 
eye showed a reduction of lysozyme to between 30% and 60%, 
the other eye in each case usually being normal. In six cases 
of phlyctenular disease and in four of recent interstitial 
keratitis, the lysozyme titre of both eyes was below 55% of 
normal, possibly owing to the associated general ill-health. 
In five cases of interstitial keratitis which had received thor- 
ough general treatment, the titre in both eyes was over 80%. 

Concerning the power of lysozyme as an antiseptic, Mr. 
Ridley showed that one teaspoonful of the pure substance 
could bestow lethal power on M. lysodeicticus on 100 million 
gallons of normal saline. The tissues, he said tolerated 
lysozyme without appreciable reaction in a concentration as 
great as forty times that found in tears, hence the importance 
of the substance as an antiseptic was immense. 

Dr. ALEXANDER FLEMING (the discoverer) spoke briefly in 
support of the thesis, and showed that the old idea that in- 
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fection was washed away by secretions, such as tears, was not 
adequate, and the antiseptic power of these secretions pro- 
vided the key to the process. The process of inter-cellular 
digestion of microbes in the process of getting rid of them 
had not yet been minutely worked out. 

Mr. LESLIE PATON described the circumstances which led 
him to induce Mr. Ridley to undertake the research, and 
spoke of the far-reaching effect of the knowledge on medical 
work. Col. A. E. Lister and the President also spoke, and 
Mr. Ridley replied. 








REPORT OF THE SECTION OF OPHTHALMOLOGY, 
NEW YORK ACADEMY OF MEDICINE. 


By Dr. THOMAS H. JOHNSON, SEcRETARY. 


MEETING MAY 21, 1928. DR. BERNARD SAMUELS, CHAIRMAN. 


Dr. Joun H. DunnincTon: A case of bilateral multiple 
ocular dermoids (to be published in full). 

Dr. S. StomKa: A case of essential atrophy of iris. 

Patient, female aged 34 years, was first seen March 14, 
1928, and has only complained of headache and poor vision 
of the right eye for a month, although about 3 years ago she 
had been told of some peculiar condition of the right eye, but 


vision in it had been as good as in the other one as recently 
as one year ago. 

Examination: O.D. Vision +%, reduced since to y§r. 
Eye slightly congested. Anterior ciliary veins rather tortuous 
and engorged. Cornearather hazy. A.C. normal. Iris very 
dark brown. Pupil oval and enlarged, about 7mm in the long 
and 5mm in the opposite diameter, and displaced temporally 
and above, upper border about 1mm from limbus. At base 
of iris nasally, above and below, several patches of atrophy, 
some transilluminous (involving all layers). Vitreous clear. 
Optic disc pale with moderate cupping at lower temporal 
border. Rest of fundus normal. Field of vision: concentric 
contraction. Tension, 32 to 38 (Schiotz). 

Dr. BENJAMIN FRIEDMAN: A case of Kruckenberg’s 
spindle (to appear in full). 

Dr. Harry A. GOALWIN read a paper on sclerosis of the 
circle of Willis with simple optic nerve atrophy (with 
X-ray plates). 

A patient of Dr. Arnold Knapp’s, a man aged 55 years, 

650 





Ophthalmological Section, N. Y. Acad. of Med. 651 


who complains of gradual diminution of vision during the 
past five years. 

His past history is irrelevant except for severe attacks 
diagnosed as ‘‘angina pectoris” six years ago. No attacks 
during the last five years. 

Eye examination: The patient isa myope, wears —12 O.D. 
and —110.S. Vision with this correction #4 O.D. and 4% 
O.S. The pupils react. There are a few floating vitreous 
opacities in each eye. The fundus vessels are normal. Both 
discs show simple optic atrophy. The fields are extremely 
contracted within five degrees, with preservation of a small, 
ill-defined island of vision above at the 15° meridian. 

Laboratory findings: Blood pressure, 120; Urine examina- 
tion: negative, Blood Wassermann, negative. 

X-ray examination: The skull is normal in shape and size. 
Its inner surfaces aresmooth. The sella turcica is moderately 
large, but within normal limits. There is evidence of a chronic 
right frontal sinusitis. The other sinuses are normal. 

Both optic canals are normal in shape, size and structure 
of their walls. Their calculated diameters are: right, 4.3 x 
5.1mm; left, 3.5 X 4.7mm. 

THERE IS EVIDENCE OF CALCIFICATION OF THE INTERNAL 
CAROTID, POSTERIOR CEREBRAL AND POSTERIOR COM- 
MUNICATING ARTERIES. 

The calcification of the latter two arteries is distinctly seen 
on the profile roentgenogram. The posterior cerebral appears 
as asmall annular shadow whichis superimposed over the base 
of the dorsum sellze. Continuous with this shadow, and 
running forward toward the site of the internal carotid, is a 
fine tortuous line. This is the posterior communicating. 

The calcification of the internal carotids is seen on the 
posterior-anterior roentgenogram. It appears as a fine 
vertical line running from the apex of the petrous pyramid 
to the lesser wing of the sphenoid. This corresponds to the 
temporal wall of the artery, as it is situated 5mm from the 
mesial margin of the sphenoidal fissure. A few irregular 
deposits are seen mesial to this line of calcification. 

Since calcification is the final stage in the process of arterio- 
sclerosis, we are justified in considering the above findings as 
evidence of sclerosis of the circle of Willis. 
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DIFFERENTIAL DIAGNOSIS: Roentgenologically there are 
two conditions from which calcification of portions of the 
circle of Willis should be differentiated. 

1. Superimposed shadows of ridges from the temporal 
bone (squamous portion). 

2. Calcification of the various fibrous strie which normally 
interconnect the clinoid processes and the apex of the petrous 
pyramid. The former lines are multiple, curved but not 
tortuous, each individual line is never parallel to another 
line within a fraction of a millimeter or even a few millimeters. 
Oblique projection will displace them from their superimposi- 
tion on the region of the sella. The latter lines are single and 
straight, while an artery is usually represented by a double 
line which is tortuous. 

Summary: So far only four such cases have been reported 
in which the calcification of parts of the circle of Willis were 
demonstrated roentgenologically during life. (Schuller- 
Lauber, Horniker.) The condition is undoubtedly much more 
frequent. It is important to remember that cerebral 
arteriosclerosis may exist without general arteriosclerosis, 
that the visual disturbances resulting from it are not neces- 
sarily due to pressure of a basal artery on the optic nerve or 
visual tract. 

Discussion, Dr. Knapp: I should like to ask Dr. Goalwin 
whether calcification of the vessels constituting the circle of 
Willis is ever accompanied by normal discs. Pressure cannot 
explain the optic atrophy. How can there be sclerosis of the 
posterior communicating arteries without involvement of the 
third nerve? 

Dr. THomMAssON: How does Dr. Goalwin explain the 
narrowing of the fields in these cases? May this not be a 
general arteriosclerosis? 

Dr. AGATSTON: We must differentiate between sclerosis 
of the arterioles and the larger vessels. Arteriosclerosis is 
usually general, while we may have a sclerosis of the large 
trunks with normal arterioles. Was a Wassermann test made? 

Dr. GOALWIN: I have never seen a case of sclerosis of the 
circle of Willis with normal discs. 

The irregularity of the field defects is characteristic: some 
workers have observed peripheral defects, others have recorded 
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central defects, one a nasal defect and one a bi-temporal 
hemianopsia. 

It is obvious that when sclerosis of a large vessel has 
occurred there results a disturbance of circulation which will 
affect the eye even when its arterioles remain normal. 

The answer to all these questions becomes easy if we agree 
with those authors who maintain that eye disturbances are 
produced not by direct pressure of the sclerosed vessel but by 
the disturbance of nutrition. 

Dr. GEorGE S. Drxon: a demonstration of ophthalmic 
X-rays. 

Doctor Dixon gave an interesting demonstration from his 
large experience with X-rays in connection with eye cases. 

Discussion: Dr. GoALwin: It would be of great help 
to the ophthalmic surgeon to become acquainted with the 
various mechanical processes, such as planing, milling, grind- 
ing, etc., because under the same circumstances foreign 
bodies enter the same eye in the same place and in the same 
way. The localization of non-metallic foreign bodies was 
impossible until Vogt introduced his method of bone-free 
roentgenography by means of a special film which is placed 
within the conjunctival sac. It would help the surgeon if the 
localization was reported in terms of coérdinates referred to 
the center of the eyeball, because in that way he could see 
for himself just what structure of the eyeball lodges the 
foreign body. 

The discussion was continued by Doctors Wheeler, Alger, 
McDannald and Knapp. 

Dr. Dixon: Closing, in regard to localization of foreign 
bodies, I fail to see how taking the center of the globe would 
be an advantage. We have no trouble in finding foreign 
bodies in the globe using the indicator on the antericr surface 
of the cornea. The surgeon wants to know where to cut. 
We have measured to within %mm and that is enough. 
When a surgeon cuts for a foreign body, his mind goes in a 
circle while we work on angles. 

Dr. EpGar S. THOMSON read a paper on ocular involve- 
ment in sinus disease. 

The author deals with the clinical features of uveitis, 
retinitis, aud optic neuritis caused by sinus disease. Optic 
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nerve diseases have received ample recognition but uveal 
diseases, although mentioned in the literature, have not been 
sufficiently emphasized. They frequently occur in cases in 
which the sinus symptoms are absent or present only in very 
low degree, so that it is necessary for the ophthalmologist to 
decide when the integrity of the eye is sufficiently threatened 
to justify sinus operation. This is no longer a dangerous 
procedure in the hands of expert operators. The diagnosis 
depends on the low-grade, chronic character of the uveal 
disease, the fact that oftentimes only one eye is involved, the 
absence of other causes in the general constitution, and, at 
times, the suggestion of sinus infection in the nose or tonsils. 
Some of the more important papers of twenty-five years ago 
are quoted, and a group of papers published within the last 
eight years. Forty-four cases from the author’s private 
practice are reported briefly. 

Dr. J. E. Mackxenty: The subject which Dr. Thomson 
has so admirably presented has always been of great interest 
to me, as I am convinced of the close relationship between 
intraocular pathology and sinus disease. I shall confine my 
remarks to a description of the nasal findings and the methods 
employed in bringing to light the hidden pathology so charac- 
teristic of the concealed or latent type of nasal sinus disease. 
I shall then say a few words on the palliative and the operative 
methods used in dealing with this condition. 

From a clincial standpoint, one may be permitted three 
classifications of sinusitis based upon clinical observations: 

(a) Purulent sinusitis—the most common type—char- 
acterized by a purulent discharge, usually involving all the 
sinuses. The mucous membrane has a characteristic appear- 
ance. 

(b) Hyperplastic sinusitis—characterized by frank hyper- 
plastic changes in the mucous membrane, the usual end result 
being polypi. The discharge is mucoid and mucopurulent. 

(c) Concealed, masked or latent sinusitis characterized 
by very slight or no visible changes in the mucous membrane, 
vague nasal discomfort or maybe sphenopalatine pain, scanty 
mucoid or watery postnasal discharge. Microscopic inflam- 
matory changes in the sinus walls, particularly in the posterior 
ethmoids and sphenoids. 
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The first and second types are easily detected. It is the 
third type which arrests our interest, on account of its frequent 
association with the more serious manifestations of ocular 
disease and also on account of its insidious nature. Migraine 
and toxemia are common manifestations of this type. The 
detection of this concealed type is no casual task. A most 
meticulous history of the case must precede a careful and 
often many times repeated examination of the sinus areas. 
Careless history-taking perhaps is one of the most usual 
causes of failure in this field. The history often reveais the 
inception of the whole trouble as an acute infection, long ago, 
which left behind it vague yet persistent nasal symptoms. 
The anterior examination takes note of the color and texture 
of the nasal mucosa as compared with normal or of the one 
side as compared with the other. A study of the mucous 
membrane changes which take place in the choane and 
nasopharynx thrcews a flood of light upon the condition of the 
posterior ethmoidal and sphenoidal sinuses. The thin 
irritating discharge from the posterior sinuses produces the 
pathological changes observed. On one or both sides of the 
posterior pharyngeal wall, a thin or thick red line appears. 
If on one side only, this denotes the side affected. The plica 
on the septum is thickened, the mucous membrane on the 
vault of the choanze may be thick and boggy, or thin and 
glazed, and irritated looking. Occasionally a little secretion 
can be seen curving around this edge from the sphenoidal 
wall. A powerful light is required to appreciate these details 
as well as much patience and repeated efforts. The X-ray 
is usually negative. I wish here to emphasize as strongly as 
I may that the final decision as to procedure must always be 
made by the oculist. The question of palliative or operative 
treatment should also be decided by him. The rhinologist 
must, therefore, go no further than to relate his findings. In 
some cases palliative treatment produces a striking change in 
the ocular condition. This is strong proof of a causative 
relationship. 

In the concealed type of sinus disease the palliative treat- 
ment is as follows: 

(1) Cocainization of sphenopalatine ganglia. 

(2) Argyrol pack for one hour. 
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(3) Suction and nasal douche with bicarbonate solution. 

(4) The application to the sphenopalatine ganglia area of 
silver nitrate in increasing strength, starting with 1%. 

(5) The saturation of the nasal spaces with 4% carbolized 
oil. 

The operative treatment is as radical as safety, and the 
experience and skill of the operator will permit. I favor 
general anesthesia. 

(1) A submucous on the septum is always done to get 
more room. 

(2) One or both sides may be done at the same time, and 
even a double pansinus with a double Caldwell-Luc have been 
done at one time when indicated. 

(3) Every ethmoid cell is removed. 

(4) The sphenoid is widely opened. 

(5) The antrum or antra are drained under the inferior 
turbinate even if no pathology exists in them. 

To those who object to this radicalism, I would say: 

(1) The results justify it. 

(2) The danger of post-operative spreading infection into 
remaining undrained sinuses (as when a partial operation is 
done) is obviated. 

(3) Secondary hemorrhage is rare since only the base plate 
and ethmoidal plates remain in the upper nasal regions. 

(4) I would put this question—would any of the opponents 
to this very radical procedure be content, in doing a mastoid 
operation, to leave any mastoid cells behind? Then, why 
leave ethmoid cells behind? 

I have seen many failures due to conservative sinus surgery. 

The after-treatment in sinus surgery is important. Espe- 
cially is this true in the concealed type of sinus disease. 
Here we have a chronic osteitis in the remaining sinus walls 
which tends to continue even after radical removal of the 
cells. Frequently, the bone hyperplasia seems to be stim- 
ulated, for a time, by the operative trauma, and unless 
controlled, may result in sphenoidal closure and polypoid 
granulations on the base plate and on the planum. Silver 
nitrate in increasing strength up to 20% under cocain 
anesthesia has a salutary effect locally. Its benefit is also 
general in controlling toxic absorption. Treatment should 
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be continued until regeneration of the mucosa over the 
operative field is complete. 

Before concluding, I would make a strong plea for early 
recognition of the focus, be it in the tonsils, teeth or sinuses, 
and for early and radical removal of that focus. 

Dr. E. Ross FAULKNER: Dr. Thomson’s paper has been a 
great exposition of this very important subject. I would like 
to see this knowledge propagated throughout the whole 
medical profession, as it seems to me that very few have 
grasped the significance of the correlation between the obscure 
head infections and the serious lesions which affect the eyes. 
To illustrate this, I would like to refer to the case of a child 
which was brought to me with double optic neuritis after a 
very extensive investigation by well-known physicians who 
had finally made a diagnosis of a brain tumor. Dr. Thomson 
saw the patient, and stated he was very suspicious that the 
eye condition came from the sinuses. This was in June, 
1926. The child was 13 years old, had had influenza in 
February and the eyes began giving trouble in April, first 
the left eye then the right. At the time I saw her, RV: 24, 
LV: y%5, with an optic neuritis on both sides. I opened her 
sinuses on both sides and the next day the right eye was 
normal; two days later the left eye was normal. 

Another case I wish to mention to illustrate how difficult 
the diagnosis may be and how fine a thread one may hold to 
turn the balance of evidence, and in this case it largely 
depended on the history. The patient had lost his left eye 
in childhood and for several months had failing vision in the 
right eye with frequent hemorrhages into the macular 
region. During this time he had been investigated by 
excellent specialists and the sinuses pronounced negative. 
The tonsils had been removed and the teeth found negative. 
He gave a history of an antrum infection 15 years before 
which had lasted six weeks and had been punctured twice a 
week and washed out during that period till it was finally 
pronounced cured and had not troubled him since. Washing 
out the antrum the fluid returned clear, a fact which I cor- 
roborated with others who had examined him. I was per- 
suaded, however, that the trouble came from the antrum 
and asked him to have an opening made in the inferior meatus. 
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This was done and the antrum irrigated frequently with no 
result. He had night sweats and seemed toxic during the . 
first two or three weeks after the operation. I felt that I had 
only stirred up a focus which should be removed thoroughly 
by a radical operation. His eye showed no improvement and 
he went away. I did not see him for a year when he was sent 
back to me by a specialist in Philadelphia for a radical antrum 
operation as I had previously advised. On opening the 
antrum I found on the floor a dirty mass of granulation tissue 
¥ inch thick containing flakes of inspissated pus. I cleaned 
this all out and he made a very rapid recovery in his eye 
symptoms, also his general health began to improve. The 
eye continued to improve till he got }#$ vision. This case 
verifies a contention which I have had, viz., that these head 
infections can remain latent for long periods just as syphilis 
may, and often show as little evidence of the initial invasion 
as syphilis, and that the history may be the most important 
part of the evidence. 

Dr. WHEELER: We are indebted to Dr. Thomson for a 
comprehensive treatise on an important subject. The 
essayist has viewed his subject broadly, and has contributed 
a valuable review of the literature. Dr. Thomson has 
pointed out especially that an inflammatory process in the 
paranasal sinuses may be responsible for not only retrobulbar 
neuritis but also for inflammatory reactions in the uveal 
tract. I should like to ask Dr. Thomson whether he believes 
that after careful examination of the affected eye he can say 
that probably accessory sinus disease is or is not responsible. 

There is a rare but important condition that concerns us in 
considering the subject under discussion that is not mentioned 
in the paper. I refer to mucocele of the sphenoidal sinus. 
In this condition the opening into the sinus is non-existent, 
sometimes probably congenitally so. The result is in effect 
a retention cyst, and the products of cell life in the mucous 
membrane lining collect, and the mucocele expands indef- 
initely, encroaching on the surrounding vital structures. The 
most important of these are the optic nerves. Complete 
atrophy of one optic nerve and partial atrophy of the other 
have resulted in several cases. I have had one such case. 
When exploratory puncture of the sphenoid was made a 
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quantity of brown non-purulent fluid gushed forth. In the 
laboratory examination of the fluid the striking finding was a 
large number of cholesterin crystals. Clinically mucocele of 
the sphenoid results in proptosis, impairment of motility of 
the eye or eyes, dilatation of the pupil, impairment of sight 
from optic atrophy. X-ray examination shows dilatation of 
the sinus and loss of detail of body structures at the apex of 
the orbit. In 1922 van de Hoeve reported a case and reviewed 
eight other cases from literature. He brought out the 
impressive fact that in not one of the cases was the proper 
diagnosis of mucocele of the sphenoidal sinus made before 
operation. In thinking of ocular manifestations of sinus 
disease let us not forget the possibility of this rare, destructive 
condition and diagnose it, if possible, before operation. 

Dr. KNAPP was very much interested in Dr. Thomson’s 
statement that the occult form of sinusitis was a very definite 
factor in causing uveitis. Its importance in optic nerve 
lesions is generally accepted. Has Dr. Thomson any opinion 
on the relative frequency of the latent and manifest sinus 
cases in causing uveal disease? 

Dr. THOMSON in reply to Dr. Knapp said he had no definite 
figures on percentages to give but was under the impression 
that uveitis occurred more commonly from the occult sinus 
cases than from the frank ones. Answering Dr. Wheeler, he 
said he had not seen many cases of mucocele and could not 
add to Dr. Wheeler’s description. Iritis from sinus disease 
has no special characteristics. It is a low-grade plastic 
inflammation which does not differ from the iritis caused by 
other conditions. The diagnosis must rest on its unilateral 
character, and the absence of other constitutional causes. 
Also the history of a recurrent condition is suggestive. Con- 
firmatory symptoms in the sinuses are helpful when present. 

Dr. Martin CoHEN cemonstrated a fundus colorimeter. 
He said: 

We have long felt the need of an instrument for recording 
the increasing or decreasing pallor or redness of the optic disc 
or other fundus areas. This instrument I devised to serve 
as a clinical aid in the diagnosis and prognosis of such con- 
ditions as retro-bulbar neuritis, multiple sclerosis, tabes, 
brain affections, accessory sinus diseases, slight color dif- 
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ferences between the optic discs, and other pathological 
processes. Our judgment of color changes depends upon 
our visual impression of previous ophthalmoscopic examina- 
tions which are difficult or impossible at times to recall. 
We also infer color alterations from examination of the visual 
acuity and perimetric tests; these latter tests are of subjective 
value and are frequently unreliable owing to the patient’s 
poor vision or lack of codperation. Whether this instrument 
will be able to detect color changes earlier than the functional 
tests can not yet be stated, owing to the fact that clinical 
study in this respect has not been completed. 

Two years ago I started to develop this instrument and 
after careful consideration decided upon a_ colorimetric 
principle to be applied in its construction. Finally I con- 
cluded to use a calibrated red circular wedge to be attached 
to the electric hand ophthalmoscope. 

The construction of the wedge was supervised by Dr. 
Jones at the Research Laboratory of the Eastman Kodak 
Company. It consists of a gelatin filter stained with eosin; 
the wedge has a clear color near its apex, then takes on a 
faint reddish tint which gradually becomes a deep red color 
towards its base. It is 1omm in diameter, thin, and sealed 
with Canada balsam between cover glasses. After the wedge 
was completed it was sent to Mr. Poser of the Bausch & 
Lomb Optical Company, who had it attached to the electric 
hand ophthalmoscope, the instrument thus serving as an 
electric ophthalmoscope and colorimeter. 

A narrow, thin, graduated scale surrounds the circular 
wedge; it reads from zero at its apex to 180 degrees at its 
base. The wedge with its scale is attached to the ophthal- 
moscope and to a rod having at its base a wheel which is readily 
turned, producing the revolution of the graduated wedge. 
The light from the electric bulb of the ophthalmoscope passes 
upward through a circular aperture upon which is placed the 
graduated revolving circular wedge. The rays of light, after 
entering the aperture, come in contact with the surface of the 
total reflecting prism whence the rays pass into the patient’s 
eye, to be reflected back into the examining eye. 

The light rays which enter the patient’s fundus through the 
clear portion of the wedge appear as a whitish disc, similar in 
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size to the normal optic disc. The whitish disc which is 
projected into the patient’s eye is used for fundus examina- 
tions. If color changes in the optic disc or elsewhere are to 
be studied, the colorimeter is brought into play by gently 
revolving the wheel which is conveniently located near the 
handle of the ophthalmoscope. This procedure gradually 
changes the color of the whitish projected disc on the fundus 
to gradations of red. As soon as the white disc appears 
distinctly red the reading, which is readily seen, is noted; 
this notation is used for comparison in future examinations 
of the case. 

To conduct the colorimetric examination, it is necessary to 
dilate the pupils, to have the refraction properly corrected 
by lenses in the ophthalmoscope. The illumination from the 
ophthalmoscope should be of the same brightness at each 
subsequent examination; this can be readily recognized and 
practically determined by observation. 

It is well known that the color of the disc and other areas is 
not a criterion of pathology, but if alterations increase or 
decrease in these areas they are usually due to pathological 
conditions. 

The colorimetric test just described is of value only in 
individual cases when conducted by the same examiner, for 
the reason that color differences and impressions vary in 
different individuals; therefore a definite comparison is 
essential. 

At a future meeting I shall report on the results obtained 
with the use of the fundus colorimeter in certain clinical cases. 
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